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Mecbanical. reduction, gears. of the toothed gearing. type 
have used by. engineers for.many years,,, The application 
of such. gearing. for the propulsion of ships is.of quite. recent 
date. At.is true that about. the, middle of the last, century, spur 
gears shad) been,used,.on, board ship... These were increasing 
gears to: permit.the use of, the. early, slow-speed, reciprocating 

engines and the higher-speed propellers. Rapid progress in the _ 
design of both engines. and: propellers, rendered such, gearing 
unnecessary. ‘Gearing was not,again used.for the propulsion 
of»ships.,of Jatge capacity, until after the steam )turbine had 
been:developed and applied, to.marine work... The limitations 
ofthe’ direct-connected turbine prohibited its use on any, but 
the:fastest: ships, the Westinghouse Machine. Com- 
pany ‘in the United States built two..3,600;H.P. single;pinion 
veduction:geats for the twin:serew.U. S,.S. Neptune, During 
the same-:year the Parson's; Marine Steam ‘Turbine Company 
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in Great Britain equipped the single-screw ship V espasian with 

a two-pinion reduction gear of 1,100 H.P. From that date 

the progress of reduction gears for marine propulsion has been 

very rapid. Gears have been built and are building sa Sem 
exceeding 22,000 H.P. per gear, 

While no fixed rules can be made at the Srailiak stage in 
the progress of reduction-gear design, sufficient has been 
accomplished to indicate the more important dimensions now 
in favor among gear designers, | 

All of the gearing now in use on board ship i is of the double- 
helical type, a right-hand and left-hand helix being used to 
balance:the end thrust which is present in such gearing. The 
involute tooth contour is. universally used for such work, 
This is largely due to the desirable advantage possessed by 
involute teeth in that the correct action of the teeth is unim- 
paired if the centers of the pinion aff gear wheel become 
slightly increased, as might occur due to wear of bearings. 

The angle of helix used varies between 23 degrees and 45 
degrees. ‘There will be more teeth in contact with the latter 
angle than with the former, assuming the same circular pitch 
in each case. On the other hand, the time required, and con- 
sequently the cost for cutting teeth of the greater angle, is 
greater than that for the smaller angle, assuming the same type 

of cutter in each instance. It would appear that a helix angle 
of about 30 degrees is ‘most one from 
of view. 

There are two distinct gearing now in 

_ use, One is referred to as the fixed or rigid-bearing type, 

while the other is known as the flexible or floating-frame gear. 
The latter is an invention of the late Rear Admiral George W. 
Melville, U. S. N., and Mr. John H, Macalpine. It is built 
in this country by the Westinghouse Electric & Manufacturing 
Company. ‘The rigid type of gearing is best known’ in the 
marine field from the work of the Parson’s: Steam Turbine 
Company of England. The recent unprecedented demand for 
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geared turbine machinery for ship propulsion has brought: into 


the marine field such other well known reduction gear manu- 
facturers as The De Laval Steam Turbine, Company, Tren- 
ton, N. J., and The Falk Gear Company, Milwaukee. The 
General Electric Company of Schenectady have also built 
a large number of marine reduction gears of the fixed-bearing 
type, although many of the earlier gears of this company pos- 
sessed a flexible feature manufactured under the “Alquist” 
patents. 

~ Experience inidicates that extreme accuracy of tooth cutting 
and the maintenance of accurate alignment are essential to 
the successful operation of any reduction gear whatever the 
type employed. In rigid gearing the alignment is determined 
by accurate machine work in boring the gear hotsings and. 
fitting the bearings, while in gears of the floating-frame type 
the pinion and its bearings are mounted in a frame supported 
on flexible I beams, and automatically maintains its! correct — 


position after being accurately aligned i in the first instance. 


The important feature which must ever be borne in mind 
is to sd design the gearing and its housing that the total tooth © 
préssuté shall ‘be uniformly’ supported across the whole width 
of the tooth face. Misalignment will prevent this uniform dis- . 
tribution.» So ‘also: will excessive ‘bending deflection of the 
pinion, as frequently occurs where the diameter is small and 
the tooth face long: ‘This*is particularly true of: pinions sup- 
ported by two bearings. Occasionally, where the pinion diam- ~ 


oe eter is large, two bearings can be employed, but in ‘most in- 


stances a third bearing placed between the separated helices i is 
essential. In every. case it is desirable.» 
As the, alignment must be maintained with undiminished 
accuracy the. design of the bearings in a reduction gear must 
receive proper consideration. . Each detail will be separately 
treated and its functions briefly. discussed. Useful formule 
will be given to aid the designer. These formulz represent 


present practice so far'as has beet ‘disclosed by existing ‘designs. 
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the formulze the abbreviations follows bow 


oti 


S.HLP. “= Shaft horsepower per pinion. 
= Total tooth pressure on each» pinion, unds. 
Revolutions per minute of gear 
= = Revolutions per minute of ‘pinion. 
P.C. D. = = Pitch-circle diameter of gear wheel, in inches. 


tit} 


apy Total axial length of tooth face: i. e., ae of 
R.H. helix, plus oi of L. H. helix. 
“DP. = Diametfal pitch of ‘hob. 


the S.H.P,.is to be transmitted, single pinion and 
gear wheel, as is the case when one complete expansion tur- 
bine. per shaft is used, the following formule are, applicable: 


ped. = Cx: S-H-P. f.p.m., where C = 7.87 for 
“fixed bearing gears 6. for 
gears. 


chant, marine. a} 
L= TP +220. for fixed bearing ‘ears, 
X 4 fr gears 


by the Parson’s Steam Turbine ea it is customary to 
_ chamfer the ends of the tooth faces and relieve the flanks - in 
the region of the chamfering. This i is illustrated in Fig, 1. 
The length of face found from (2) i is the net length, and the 
additional width Te uired for the. relieved and ‘chamfered’ ends 
must be. added to 1 he net a to obtain the total width of 


the rim. 


(a) SLB. x 126,200-+- fe: od. 
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ay 


_ Ina single reduction, gear, of low, ratio driven by two pin- 
ions, as for instance compound turbine. is used for 
each shaft, it, frequently happens that the. minimum centers 
for the proper placement of} the. turbines, will give a nat 
much larger than that found from (1). 
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The following apply if thet turbine’ is the 


ay pied. ‘Pinion’ “centers” in” “inches 
L=TP. + (p.c.d. x 164)” for. ‘floating-frame’ Bears. 
; For fixed bearing gears the formule given in (2) 
apply. It is, desirable.to, keep the minimum dimen- 
(sion of, fash to Joo? is 
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~ Tf the rip.m. of the two’turbines are different, which is the 
case with many compound turbines ‘where: the’ high-pressure 
element ‘has’ higher’ r.p.m. than) the ‘low-pressure, ' thé gear- 
wheel diatneter is from the following: Sit 
P.CD.= 
centers in inches _ 


1+ Ye Ag. ratio of reduction P. “radio of 


| “From this the pinion dimensions can, be found: quite readily. 
are ‘thequal check both to make. sure they” are not smaller 
than that obtained by rule (1). Should one be found smailér, 
it must be increased to accord with rule (1) and L, made in 
accordance with rule (2). ‘The gear wheet-and the other 
"pinion will then be increased in size to give the desired ratios. 
If both pinions are found to be larger than the dimension 
obtained from rule (1), select the pinion which is to transmit 
the greatest’ tooth pressure and obtain L from rule (5). Both 
pinions will, of course, have the same tooth face length. — 

Number Teeth > OF. X of 

For ‘dimenstons the number “of 
teeth that must be ised to avoid interference is $1. 
the smallest’ pitch 1 for‘a given pec. “dis found from” 


If ‘the D.P. thus found i is not a standard size, increase the 
number of teethand use: the next smaller, D,P.. The, p.c.d. 
may also need slight to permit the use of standard 


cutters. Having settled the Pe. d. the other tooth dim 
‘can be found as follows: 


st gritesd bexit tot 
Diameter at top of teeth p.ed 4b (2 
Diameter at root of teeth = 4D.P.). 
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Pinion Journals —Maximum diameter = p.c.d. — (2. te 
+D.P.). 

- ‘The diameter thus obtained brings the surface of the journal 
as close to the root of the teeth as it is practically desirable to 
Nothing’is to be gained by reducing the diameter below 
this” unless: the peripheral velocity at the maximum rp.m. is 
too high. =The maximum not feet 
per 


i 


otal le length = tp. x 140)... 


When are used, ‘the center 
each end journal .3 of the'total length The length of the end 
journals:should not be less than: of the journal diameter.” 
Bearings —The ‘design of the bearings fora reduction gear 
should receive particular’ cbrisideration. _ Cast-iron or cast- 
steel shells are preferable to bronze. The shells should be as 
thick and heavy as the particular design will permit. The pur- 
pose of this is to prevent the warping that is characteristic of 
thin | shells, particularly thin bronze shells, when heated. Fre- 
quent troubleis caused by such shells as they-are apt to close 
in-at-the- horizontal center and grip the journal, still further 
raising the bearing temperature and usually resulting in dam- 
age-to:the-white tetal. ‘The bearings for the main gear shaft 
can be of the plain cylindrical type, tamed on the outside to fit 
bored recess in the gear case. The Bearing ¢ap-should not 
pore of. the housing cover. A separate bearing’cap makes 
bearing more. accessible and allows of adjdstment when 
fitting the sheli to its recess. The shell must be tightly held 
in the housing. The pinion bearings should be provided with 
means of adjustment so that the correctrunning' centers of 
the gears can be. set without difficulty.. In some of the early 
gears of the fixed-bearing type, the pinion bearing shells were 
of the plain cylindrical type and entire reliance had to be 
placed.on the accuracy of the machine work of the gear hous- - 
ing for the satisfactory operation of the teeth: While it is 
possible to bore a gear housing so that two sets of bearings 
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are parallel and in the same plane, the most practical: method 
is to provide some adjustment to one set of the bearings and 
permit the gear centers to be accurately. placed when, assem- 
bling.» Furthermore this will. be. of distinct. adwantage when 
spare bearings have to be fitted on board ship... .. 

»/ The lining for both pinion and gear. should. be of 
good quality of tin-base. white metal., Lead-base. mixtures 
have been frequently used for the lower speed. gear bearings, 
but such metals, are undesirable owing to the, extreme care 
necessary when.melting.. The bearing shells, should be. pro- 
vided with adequate anchor grooves for holding the white 
metal, which should be well peened after it is poured. . While 
it, may. be possible to,core the anchor grooves in, the bearing 
shells, it is, generally,.found desirable to rough bore. the, shell 
and plane.the longitudinal anchor grooves. ‘The latter grooves 
are frequently. dovetailed as indicated in Fig. 2;. while the cir- 
cumferential, grooves can be cored with parallel sides. ‘The 
figure shows a suitable construction for. a cylindrical bearing. 
The. side lugs on, the. lower half project, the bearing cap 
to. prevent the shell from turning, 

, The .surface of ,the white-metal lining, must be. machined 
pes fitted so that the. lubricating oil can have easy. access, to 
the, whole surface. _It should. be. borne. in, mind, that the oil 
has to cool as. well as lubricate the journal. The first duty,de- 
mands large, well rounded oil passages and. a copious. supply 
of,oil.. The second is entirely. dependent on the formation and 
maintenance of an oil film) separating. the’ steel, journal and 
white-metal, lining, ..This. is. all important..in the bearings of 
modern geared turbines, the, journals of which often operate 


peripheral) velocities as high as 100. feet per, second... In 


such, bearings the destruction of ,the oil film,. due: to. failure. 
- of the oil or a.faulty bearing surface, would result in rapid 
"heating and, wiping of the white. metal. In.a.reduction gear 
this would immediately, alter. the, alignment of; the, pinion) and 
gear wheel... For, this reason the designer, should determine 
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the clearances and the shape‘ of the finished white metal )sur- 
face and ‘not leave such important details to be settled in the 
machine shop. ‘A. clearance of .002 inch per inch of diameter 
shouldbe ‘given to pinion and’ gear bearings,” ‘The: clearance 
on all of the pinion bearings must be equal, for the reason that 
the pinion’ chatiges’ from the lower to the upper half of ‘the 
bearirig or vice versa, when going ftom ahead to asterti))) Obvi- 
ously if'the clearances were not equal the pinion would pet 
its alignment’ with the gear wheel in stich 
Suitable’ for thie will be foimd 
bine’ and gear should be designed to permit an axial movemerit 
of the pinion so that the“load can be! ‘equally’ ‘divided between 
the right-hand and left¢hand heli¢es. "Two types’ are in 
‘mon’ use? One in which’ round’ pins’ on’ the turbitie’ coupling 
head drive in bronze bushed ‘holes in the’ pinion coupling flange: 
The other has claws or projections on’each half of the coupling: 
Either type requites"¢opiots lubrication for’ satisfactory ‘setv- 
ice, and the workmanship necessaty is of a high order!’ All of 
the pis ‘bear’ eqtially ‘when’ transmitting power 
either ahead or astern.’ "The pin ‘type is the cheapest to’ produce. 
Greater accuracy’ of machine’ work is also: possible with 
type. ‘Figs. 4 and 5 show typical examples of the two types. 
Flexible ‘Driving “Shafts While’ the forégoitig’ indicates 
Couplings possessing eid freedom, they'are not, strictly 
speaking, “flexible” couplitigs: “This term misnomer when 
applied ‘to couplitigs. ‘Many’ ‘sd-ealled “flexible” couplings ‘aré 
ont the market. principal claim’ foreach ‘is that’ misaligh- 
ment between the pieces '¢oupled will be cared for by the feature 
of flexibility peculiar‘ tothe ‘coupling ‘used.° These couplings 
are usually undesirable in| ‘high-powered, high-speed’ machin: 
ery. ‘In’any ¢ase' the alignment of stich machinery should be 
made ‘atid! checked ‘with ‘the’ closest’ accuracy. ‘No excuse can 
be ‘tolerated for inferior workrianship’in’ this! feature’ The 
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closer the alignment the more perfect will be the operation. It 
is, however, possible to augment the pin or claw-type coupling 
with a flexible shaft, and this feature, which De Laval used 


with marked success in his turbine drives, is a desirable link 
_ to have between the turbine and pinion. It is used on all gears _ 


of the floating-frame type, principally to permit the pinion 
frame to function without restriction.. The Falk Company and 
the General Electric Company have also used it in their gears. 
It is a forged-steel shaft of small diameter and considerable 
length. For economy of length of the gear it can be fitted to 
the interior of the pinion which is made hollow to receive it. 
Usually an alloy steel possessing a high elastic limit is used. 
The diameter can then be reduced toa minimum without im- 
_ posing excessive stresses on the material. Care must be taken 
in the design to avoid sudden changes of neopen, so that the 
stress‘may be uniformly distributed. 

When determining the free length of such a hake ‘the de- 
signer should settle on a dimension that will keep the first criti- 
cal speed of the shaft at least 20 per cent above the maximum 
- Tunning speed of the driving turbine. This is important for 
naval vessels whith have a large range of cruising speeds. Fig. 
6 shows a suitable design for such a shaft. The diameter and 
free length can be found from the following formule : 


_ Diameter in inches = $.H.P. 


a shaft made with these dimensions should be of chrome- 
nickel or equivalent alloy steel having a minimum yield point 
of 80,000 pounds per square inch and an elongation of 20 per 
cent minimum in 2 inches. - Free length of shaft, inches, 


2210 X 10° Xx diameter in inches (rip.m. X 1.20), 


GEAR WHEELS. 


* The large sian of a reduction gear are usually built up of 
three pieces, a shaft of forged steel, a center of cast steel or 
cast iron and rims of forged or rolled steel. Occasionally 
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where low weights are of importance, as for instance in de- 
stroyer work, the wheels have been built up from a forged- 
steel shaft, cast-steel hub, boiler-plate-dises and forged-steel 
rims. Such a construction-has disadvantages. It is extremely 
expensive and requires the most to ob- 
tain a satisfactory wheel. 

It should be borne-in mind that-in- addition to rotational:stiff- 
ness, the -wheels must be-rigid-in a fore-and-aft- direetion so 
that no displacement of-the helices will-oceur, when under'load, 

_ due to the end thrust on the spiral teeth: This end thrust is — 
equal to T. Tan,-angle of helix... This, ‘the greater the 
angle of helix, the more it is necessary to support the inner 
edges of the rims. Figures 7 and 8 show some typical gear- 

The involute Daud is PG used for the teeth of ma- 
rine reduction gears of the double helical type. 

An outline of suchteeth is giveti ii Fig: The line of tooth 
action lies on the tangent to.the two base’ circles and passes 
through the tangent point of the two. pitch circles. The angle 
of obliquity, or pressure angle as it is: occasionally termed, is 
the angle formed by the line of action and the common tangent 
to the pitch circles. ~"Phe:radius-of curvature of the teeth is 
zero at the base circle and a maximum at the addendum circle. 
The standard angle of obliquity for Spur gears is 14% degrees. 
Cutters for these standard teeth can beiused for helical gears. 

. The teeth are formed either by a milling process in a “‘hob- 
bing’ : machine or by planing ina specially constructed planer. 
The merits of oth types: have been the subject of much con- 
troversy, but, ju by the number. for marine gear 
work, the hobbing machine is to be preferred for the accurate 
work that is necessary in high- speed gearing. The cutting is 
done by a milling tool termed a “hob.” It is.a worm, in the 
thread of which approximately longitudinal gashes are made - 
to form cutting edges. The wheel to be cut is*mounted on a , 
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revolving table,’ which is usually horizontal, and the hob is fed 
vertically across the face of the gear rim. <The helix angle is 
formed by establishing the correct rate of travel of the table 
carrying the work and the head supporting the hob. 

It is essential that the root of the teeth be provided with sub- 
stantial fillets. In some: ‘gearing the roots of the teeth are con- 
tinuous radii as indicated im Fig. 10. This is a very desirable 
construction, as it adds materially to the strength and elasticity 
of the teeth. This design necéssitates special hobs, which re- 
quire more clearan ‘space between the helices in two bearing 
pinions. As the tooth depthcie-greater with such teeth, the 
pinion ate sig in diameter than 
is the case 

The ordinary is‘ rotated by a worm 
and worm wheel, the .wheel-being bolted to the underside of 
the table, while is mounted on a transmission shaft 
supported on the bed . This worntwheel is thus 
the “parent” wheel for all.of the 
any errors in the i of ithe worm wheel will be reproduced 
in the work. Consequently, it is essential that the-worm wheel 
be very accurat aS/séFious errors of division in a gear wheel 


speeds now 


_ The gear h must be copiously lubricated to obtain satis- 
factory. operation / The oil should be introd t the point 
where the gear and pinion teeth come into engagement. “This 
is usually accomplished by fitting spray ‘pipes’ above! and’ below 
the pinion. to lubricate both the ahead and astern, faces. .. Suic- 
cessful ‘practice indicates that a few large holes are preferable 
to a large number of small spray holes, as the latter are quite 
easily choked by small particles of lint which occasionally get 
past the strainers. In arranging these sprays care should be 
taken to firmly support any pipes that may be used, to prevent 
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fracture due to vibration. On some gears the sprays are indi- 
vidually arranged so that they can be removed and cleaned, if 
necessary, while the gears are in operation. As such a design 
involves the use of valves in the oiling system, particular care 
must be exercised in the arrangement to asa any possibility 
of closing all of 


‘Itisa inion in the 
housing and run them under load to dete the excellence 
of the tooth bearing. | Such a fest will toa irregulari- 
ties in the tooth su these irregulatities. tan either be 
scraped or/gro vie to leave ay uniform distribution of pres- 
sure over thejwhol face. In making s such a test it preferable 


to- operate the oth pressure and not necessarily 


the maximum speed. To obtain full speed as well as full power 
would frequent! be impossible. On the other hand, full load 
tooth pressure n be obtained in many cases by e use of an 


electric motor ‘of ~¢ombaratively sinall power. Fig. 11 shows 


an arrangement for testing @two-pinion gear’ ‘of 4,000 S.H.P. 


The “full speed of the pinions is 3,500 r.p.m. The fulltoad 


_ tooth pressure on each Pinion, ‘is 11,800 pounds, which can be 


obtained on test in the manner + showey Wit Bhp. motor 
operating at r.p.m. 


Be 
ACCIDENTS ats CHANGES DUE TO WEAR 


The following may occur to a reduction gear. for. the p 
reasons assigned. Suggestions for ae repairs, if een 
sible, are given: 


Rough Handling.—It is perhaps neédless to state that the 
utmost care must be used in handling the gears to prevent: 
damage to the teeth. The teeth are small in pitch and because 
of this they are more liable to injury if roughly handled. 
Should the tops of some of the teeth receive a blow of sufficient 
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force to'dent the metal, the flanks of the teeth’ so damaged, in 
the region of the damage, will be spread, increasing the: thick- 
ness of the teeth at this point. It will therefore be necessary 
to ‘scrape’ both: sidesof: the teeth for-a short distance:im this 
vicinity, otherwise a decidedly'high spot will be revealed after 
Damaged Gear TeethThis maybe ‘causedby foreign 
body, such as a nut ora wrench; being left in:the'gears or-by.a 
defective tooth breaking out, For such an:accident it ishard:to 
prescribe beforehand. »One: thing is sure, and that is both the 
pinion and gear wheel teeth wilt be spoiled at the damaged sec- 
tion. If the: damage has’ occurred at: the ends of the faces, the 
damaged part of the tooth ‘face:on the pinion can be turned.-off 
to.just below the root. This will enable the undamaged portion 
‘of the teeth to: work together without interference from: the 
damaged parts of the gear-wheel teeth and avoids the necessity 
for handling the gear wheel. ‘The pinion can: then: be replaced 
‘and: ‘put: into: operation anew 
wheel are obtained. drow rite ad binorle 
Pitting.-Duting ‘the fitst few> service has 
often been observed on! the flanks of. the. gear: teeth of large 
gears an action known as “pitting.” Small flakes of metal 
break out of the otherwise perfect surface of the teeth; leaving 
hollow. depressions: These-depressions,.or pit marks, vary.in. 
size from the: smallest’ possible: mark to as: large:as 8/16 inch 
diameter: and fifteen to thirty :thousandths of am inch: deep. 
They may appear in any part of the tooth flank from the:tip.to 
the root, but asia general averagé it can:be said to be most com- 
‘mon in: the tegion of pitch line: where: only:ralling action 
occurs. It is difficult: to: say whether: this merely:a: ¢oinci- 
dence, asthe cause does not appear to be due to this rolling:a¢- 
tion. laek of homogenity in the material at the tooth surface 
or crushing of minute high spots) catising fatigue and: failure 
of small sections of the metal at such high spots are possible 
. reasons for this pitting. 
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Experience shows, however, that any’ pitting which may take 
the first few.months of service and 
then: entirely ceases.; No trouble of any-déscription is ex- 
perienced during this period:and.the ‘of the, ds 
not.in any way delayed or affected.) 
Scoring of Tooth Surfaces. —Should the jubricatirig-oil sia 
ply to the gear teeth sprays fail, the teeth will score and the 
polished flanks tear into:a rough damaged surface. ‘The abso- 
Jute need for:an uninterrupted supply. of clean oil for the satis- 
factory operation of the teeth cannot be emphasized either too 
strongly or too:often.” If, afterall precautions have been taken, 
‘the oil supply should fail: and: the teeth: become. scored, the 
gears must be thoroughly’ overhauled: at the first: opportunity. 
‘The tooth surfaces should be smoothed down with a carborun- 
dum: stone and possibly: scraped... Jf.the scoring is: severe the 
roughened surfaces may need lightly filing to remove excessive 
burrs and ridges::; ‘The use of a file.on a tooth shape must be 
done'with care and: judgment and only a 
should be entrusted with the work. ge vortie) 
‘oiling ‘systeny will: need thorough as flakes 
oil he’ beeth iave found to be it is 
<tneghpeliaalt to make an immediate overhaul, the oil can — re- 
‘stored! and the gears operated: without fear of breakage. 
fact mst nt bend to proper he eae 
‘moment. inst alt to rem 
of rust: with resulting corrosion.’ This'is invariably ‘due to.an 
-acid lubricant; or because: of: salt-water leak into the lubri- 
cating’ system, and’can only be remedied by changing the oil. 
No harm will be experienced providing the cause is eliminated 
without undue:delay::: The corroded journals should be stoned 
with. an oil: stone-and: ithe teeth cleaned with a fine 
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Wear of Teeth.—Undernormal conditions the gear and pin- 
ion teeth should not wear a measurable amount in a consider- 
able petiod of'time. : It is'not'usual to keep records of the wear 
of gear teeth, as‘experience justifies the statement made in the 
foregoing sentence... It is natural to expect the greatest wear, 
if any, to occur on the pinion teeth, but any periodic measure- 
ments which might be taken should show very small variations. 
No: excessive wear can take place without scoring, as afi oil 
film prevents metallic Contagt:hetween te — of the teeth: 
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VENTILATING AND. HEATING FROM THE, 


od MARINE, POINT OF, VIEW... te 

ROW. CHAS.” 198 SAIC? ot 


The ventilation of merchant ships'is'as large a’ problemas 
the ventilation of ‘an office’ building: system: is less‘ com- 
plicated than is required on board a battleship. The purpose 
of ventilation is to remove air which has become hot, moist, 
or contaminated with undesirable elements and the replace- 
ment with pure air. The replacement air must fulfill certain 
requirements depending on the place to be ventilated. The air ~ 
should be delivered to a compartment at a low velocity such 
that it does not create a great draft. For good circulation the 
air should have a velocity of about eight feet per second. 
Sometimes this air is made to circulate through the ship by 
_ reason of the ship’s motion through the water. A vessel 
steaming nine knots per hour creates an air current of fifteen 
feet per second, while a fast ocean liner at twenty-one knots _ 
produces a current of circulating air of thirty-five feet per 
second. When the ship is steaming with the wind it does not 
get the benefit of this artificial draft. 

The required temperature of the new air depends upon the © 
compartment which is to be ventilated; that is, for use in a 
cabin, stateroom, storeroom, cargo space or workshop. The 
amount of moisture in the air is another important quantity 
and this depends upon the temperature. Dry air at 80 degrees 
F, has about four times the capacity for moisture that dry air 

at 40 degrees F. has. The air must contain the correct amount 
ef moisture so that it will not have a disagreeable cooling 
effect. Conditions for obtaining more perfect ventilation are 
better at sea than ashore. Sea air contains about 3 cubic feet 
_ of carbonic acid gas to 10,000 cubic feet of air. The per cent 
content of this gas is taken as the best test for the purity of 
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the air, as its presence’also indicates the presence of other un- 
desirable-elements: »The cubic: feet of air: necessary for the 
average person per hour varies:depending»on ‘the: purity: of 
the air after exhalation: the purity! is low (high CO, 
percentage): the ‘air necessary willbe about 500: cubic feet-per 
hour, whereas, ‘if the: purity:is to; be high, the ait :must: be 
replaced at: the-rate of about 2,500 cubic feet:per hour.) 
Mentilation on: board:ship is accomplished in two. ways, ‘by 
natural: draft and by: mechanical means, :' The natural-system.is 
briefly defined the:circulation of:air by either the tendency 
of hot air to ascend and give place to ‘heavier cold air or ‘by 

directing air currents; which are caused vessel’s motion, 
through desired spaces. ‘The mechanical system depends upon 
@ circulation by fan or blower. In fine: weather, ventilation by 
natural ‘means “may | be all':that desired,’ but vin! »stormy 
weather; where large openings! must be closed the: circulation 
may ‘become: impaired; this’ may not‘ be ‘serious: except’ in the 
tropics. ‘For statérooms the ventilators should: be ‘such that 
the air be replaced»at the ‘rate’ of five’ to: six times per hour. 
This is mostly accomplished ‘by having ornamental-openings at 
the top'and: bottom of! the partitions whereby the air can cir- 
culate freely into the passage ways. ‘These passage ways lead 
directly to the machinery ‘spaces‘and afford::an:excellent cir- 
culation of air: Cabins onthe outboard side may be'thoroughly 
ventilated iby side ‘lights. ships,’ side lights are 
stalled that:will permit light and air /to enter at all:times, floats 
and’ valves are: installed which ‘operate: when ‘submerged:and 
prevent water’ from entering- the ship. » When) cabins have 


‘or ejector-ventilators which are small but very efficient. ‘Store~ 
rooms are’usually located below decks; and:the air: should be 
renewed ‘between five arid six times ‘per hour. : They are'ven- 
tilated by having spaces: between two frames enclosed by a 
piece of sheet iron, thereby forming: a duct which is! led to a 
‘weather deck, terminating ina goose neck/ Coal bunkers are 
ventilated ‘by: leading: a large’duct»from the: bunker» tothe 


deck space above’ them, they have: individual mushroom - 
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space around the inner! outer stacks;: the air: being ssup- 
plied:to the bunkers’ by! goose necks, »Thie shaft: tunnel is :ven- 
tilated: very: efficiently by placing:a cowl at the most extreme 
end and: turning it)soithat:it acts ias an uptake. » Air is:sup+ 
plied:to the tunnel: from the: downcasts in. the! engine ‘room. 
This cow! must be watertight and its construction: heavier than 
ordinary:iones, as» recerit) developmerits have ishown that the 
tunnel may be filled with water. Double bottoms: and peak 
tanks are ventilated by.goose ‘necks attached to: the air-vent 
pipesi:oOnly whien the tanks remain: for any’ length. -of 
time does the air become vitiated. 
Machinery» spaces need: large of: fresh air,the 
changed being about/25 or 80! times per hour.;-'The boiler:room 
has ‘usually two or four:cowls, the upper ends: being close to 
the stack while the lower end of the cowl leads to; within eight 
feet:of the firing platform. The cowls have a capacity con- 
siderable im excess:of what is needed’ for combustion; the sur- 
plus cools the stokehold, and: forces the sheated:air out through 
the fidley. -. These cowls are placed on the fidley grating and 
are provided: with gear and pinion so-that:they can be turned 
from, the firing platform.+: At times when there: is little wind 
om ideck,’ especially: at, anchor, little goes»down::the 
cowl (just: enough for combustion ),:-and: the fireroom may 
become very| hot: Frequently blowers -are: installed, to assist 
the cowls; arid no. attempt is made to, build: up' the pressure in 
the fireroom the upper portion: is‘open to the outside atmos- 
phere through the fidley which allows the: heated air to.escape. 
The design ofthe deckiintakes»with their cowls: and intakes 
has been:so greatly influenced! by: the requirements of protec- 
tion from waves and: spray in bad; weather thatrless:attention 
has been given:to'the proper admission: of ait without loss.or 
restriction. | Frequently the areaof the opening is insufficient 
or not effective. difficulty of getting air into the.shaft 
leading to the boiler toom, becomes greater as the. speed of the 
‘ship increases, Many types deck: intakes, cowls: and 
weather: flaps have been tested and:it has been: found that inlets 
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should ‘have the correct clearance’ between the::vanes;\correct 
angle of. éntry,and the avoidance of sharp corners... It!iscgen- 
erally thought that the air delivered to the boiler rooms is uni- 
formly> distributed,: buti:the lifts-and' compartments -reaching 
down into the boiler: room‘ add considerable ‘to the difficulty 
of getting air) thoroughly, circulated... For ithe engine!,toom 
there: are ‘usually’ two cowls, one so placed as to: discharge 
close tothe throttle; both acting as down casts.” The heated air 
escapes ‘out: through: the: machinery: hatch and «shaft» tunnel. 
Here’ the cowls should ee to change the air from 
Artificial or mechanical jresihilition:\ is effected by either of 
‘two systems; the plenum and. the exhaust. Briefly the’ first 
consists-in forcing a quantity of pure air into’ a certain com- 
partment, thereby replacing a certain quantity: of: vitiated’ air. 
In the exhaust ‘method ‘fans draw the foul air from the com- 
partments and exhaust |it to’ cowls. Toilets, kitchens and 
rooms ‘where smoke, dust’ or gases ‘accumulate should: be-ven- 
tilated by the exhaust method. whole the: plenum: sys- 
tem is preferable as’ it!is-more positive.’ The exhaust:system ° 
is considered more ‘healthful, as' foul air is taken from the:com- 
partment and discharged outside instead of ‘being: «driven 
through open spaces the vessel; as°it passes: freély from 
each compartment to the outside air. Inthe layout of any 
‘system the amount of air'to be delivered’ to each compartment 
is first determined.° It has been’ found: that’ the - following 
‘should ‘be ‘observed: in designing’ on the plenum ‘ventilating 
‘system’: Starting with a fan discharge of about’ 2)000. cubic 
‘feetper minute and ‘a pressure of about 5: pounds per. sqtiare 
foot; the mains shouldbe round; if possible,and maintain an 
Original diameter as long as the velocity does not drop below 
1,400 feet per minute; then the diameter should be’ reduced 


. atthe rate of one and one-half inches ‘per ‘foot “until the: ve- 


locity is again’2,000 feet ‘per ‘minute. ‘The final ‘diameter’ of 
the main should not be reduced to less than twice the diameter 
the last branch. All’ bratiches should be taken’ off: of ‘the 
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main duct at an angle of 30 degre¢s, but near the end ‘ofthe 
- ‘main the angle should:be increased to:90: degrees: “Por bends, 
the center Jine»of the pipe should: not ‘havea smaller: radius 
tham one and one-half times-the diameter ‘of: the pipe: The 
effect of the air going around a:90-degree elbow \is such that 
it adds:three feet to the. effective length: of the«pipe,' for two 
elbows the length is increased by seven feet and -for: three: by 
ten ‘feet: The outlets from branch pipes should be enlarged at 
a rate of one and one-half inches: per! foot: to reduce the: ver 
locity the exit to 1,000 feet»per minute: ‘This: enlatgement 
causes an increase the as much 'as‘25: per 
ventilators most’ used: ship:are of the 
cowl type made of galvanized iron... The:fixed or coaming 
portion is made: of one-quarter to three-eighths-inch steel 
plating, but if the ventilator is subjected. to. external. pressure 
made thicker and watertight. ‘The classification: societies 
have issued brief instructions: for ventilators and these, have 
become standard: practice.’ They! require: all holds, between 
* decks and coal: bunkers, to have,at:least:two ventilators, one,a 
downtake and the: other an uptake, placed as far, from. each 
other as possible. ‘This insures that the air will circulate freely 
before ‘leaving the compartment. If. the hatches. or filling 
«shoots of coal bunkers :are fitted with. gratings, ventilators 
may be dispensed. with unless the bunker is near the: boiler, in 
which case extra 'means of,-ventilation is necessary. A,\ven- 
tilator of the: mushroom, swan neck or other approved, form 
must be arranged and led’ into tanks where:gas.is likely to 
gather. Ventilators must be fitted.-with/a fixed. coaming, to 
the deck and a removable cowl.and should. be carried.to above 
a weather deck. .Provision must be made for closing the ven- 
‘tilator when. the cowl, is: removed, ‘as. in. bad ‘weather... The 
height of the coaming above the weather deck. is from two to 
three feet, according to its diameter. , Ventilator tubes should 
be air-tight: below the upper. deck,,;, Instead. of cowls, or. ven- 
tilators, swan :necks, mushrooms..or other: approved design 
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_ may be installed, provided they/are strongly fixed to the: deck 
and the opening shows at least two: feet above. the».deck; 
Mechanical means for supplying fresh air to the compart-. 
ments-cis'isometimes used. in «place of downcast ventilators. 
Ducts passing through \crew’s quarters should be gastight. 
Ventilating spaces between decks ‘may be done’ by ‘the saine 
cowl, the tube leading’ from the Space between decks is made 
the coaming to which the cowl is’fastened. 
between-deck space is then ventilated by’ se annular space te 
tween. the tube and. the ventilator > 
“If it is desired to install two wbtilatoes. to act as aaa 
in the engine room to supply 2,000 cubic feet per minute, the 
question usually. -is to; determine, the diameter.|.. outlet 
may be 80, feet below. the throat of the cowl and the ship, have 
a speed of 12 knots per hour or 20.3 feet per second... This is 
equivalent to a head of air of °° 


By tests’ it has folind that going 
down ‘the’ ventilator doés not increase inversely proportional 
_ to the area of the mouth’and the throat, but is less at the throat; 
about’ 0:6 of thé ‘head of the wind’ at the mouth) ‘The head 
at the throat will be 6.89 9x feet.’ 


ing velocity” fg Aisote b entoub 
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spectively, and isithe velocity/of the ‘air at the throatin feet 
per-second fini this casew! gainsqo jolt bas 
Therefore the head at exit or down at the bottom of the veR> 
tilator will: be 8,88, 1,90, 1.98, feet; the velocity, corre- 
sponding, will, be 1/2 X,822, feet, per, seeqnd. 


xX D?X Vel. 176.7.) oy gind 
if x, II. 3.6. ‘cubic’ feet per nd. 


This ‘is’ to ‘$16-cubie! feet per minute, 
assumption of a 10-inch diameter’ was too small): By ‘using’ a 
16-inch ‘ventilator the: delivery 996 ‘feet per 
minute per cowl. 14 199! 6.95 10 qq tod 

Heating and ventilating are very closely related and one 
cannot touch on ventilating 1 without saying a little about heat- 
ing. There are several methods available’ for heating on 
board ship, either by. steam, water, electricity or air... ‘That 
mostly. used, in the marine. service is steam, water seldom, and 
electricity; rarely, Steam. has the) advantage. that. it, may, be 
taken from the auxiliary steam,line or, for darge work,)anin- 
dependent, line is run; in-either case it:is taken through re- 
ducing valve dropping the steam to a 15-pound pressure,, As 
a safeguard there is installed a safety valve after the reducing 
valve.”'It not-good practice to have the heating of cabins 
and living quarters dependent on each other for their steam 
supply ; sometimes several lines are\run: to various parts of the 
ship when living quarters are separated, so that either may 
be'cut'in ‘or out 'independent: ofthe other. «Radiator: pipes 
may be installed in two! ways; ‘sometimes one pipe! alone leads 
to a radiator, the condensed steam flowing back the same pipe 
or drawn off by cocks, or, as more common, itwo pipes are in- 
stalled. In the two-pipe arrafigement one pipe leads steam 
radiator while ‘the’ second pipe conducts ‘the: condenséd. 
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steanvto stedm traps, fromy-whénce it the ‘main 


feed.tanks in'the engine room: Provision is:made:so that all 
pipes may bedrawn free of: water in caseof repairs: or when 
thé system is wp. “Wheré compartments are far from the 
engine room, Jong leads of:steamt' piping ‘are required: | In this 
case ‘electric heaters: may: be installed: This: is) expensive:and 
is only’ justified in extteme cases: »/Calculations are sometimes 
made to determine ‘the square feet! of:heating surface neces+ 
sary for a certain room, account: being taken of-the:tempera- 


which the various sides are’ subjected and of ma- 


terial the sides'are composed. From: tests it: has: been deter- 
mined that: with a standard make radiator when operated with 
steam at 212 degrees F. and’ the surrounding air at'70 degrees 
the’heat'transmission is at the rate of 1.57 B.t-u. for one de- 
gree temperature difference. .The steam:condensed per square 


hour weighs 0:23: pound.»:|Knowing the heat: :loss 


_ through the various sides of the room, the square feet of:sur- _ 
face may be determined by the expression: ; 


Bit. radiated and conducted away per hour 
I. 57 X (Diff. in temp. of steam in radiator and outside air)” 


According to good practice of leading shipbuilding com- 
panies, allowance of square feet of radiator surface is pro- 
- portioned to the cubic contents of the room. The following 
are good proportions : See 
Captain’s room, 1 square foot per 45 cubic feet. 


. C@ptain’s bath, 1 square foot per 30 cubic feet. 


- Pantry, 1 square foot per 85 cubic feet. 

~ Crew’s mess, 1 square foot per 35 cubic feet. 

Chief engineer, 1 square foot per 48 cubic feet. 
Spare room, 1 square foot per 80 cubic feet. 
Steward and mess boy, 1 square foot per 66 cubic feet. 
Officer’s wash-room, 1 square foot per 27 cubic feet. . 
First and second mate, 1 square foot per 33 cubic feet. 
Chart house, 1 square foot per 44 cubic feet. . _ 
Pilot house, 1, square foot per 35 cubic feet. 


Officers’ mess, 1 square foot per 51 cubic feet. 
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and space necessary to install a unit for each is'very great.')In 
_ order to interchange the system and: to save weight, the Ther- 
mofan System may: be installed.;:Air from: the fan: is. dis- 


charged through, or drawn through’a nest of pipes heated by 
m. The ‘tempetaturé: of: the ‘air; is dependeént upon the : 
steam) supply and: may be varied: at will insure that 


air may not have too: much-of a:drying effect upon the skin, 
jets of: finely-divided: water or:steam are injected.:nto:the air. 
The system is flexible, as: it may. be used; for either warming 


or cooling compartment. For, cooling, brine. is circulated 


through the pipes. «Tests. have shown: that heating’ by ‘the 
Thermofan System is about four times as.efficient.as by direct 
steam-pipe radiation. The rise of temperature for a’ certain 
interval. of time was°four times as great as inthe case of the 
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OXY+ACETYLENE, WELDING. 


Acetylene "Process a8 applied’ to the welding of 
most 2 ‘and. the cutting, 0 of 1 iron and. steel has ‘become 


u i recen in connection, with almos 
industry in whi ch metals are used.” 


Gases. —For welding Purposes, xygen and and a cetyl ene. are 
almost’ exclusively use 


For brazing, 1 lead rnin tc.,, oxygen and. hyd rogen or 


oxygen. and gas ot gas are we wel 
large extent, | 


extent, than, any other combination of gases, although | for 
extremely heavy cutting, oxygen, and have been 
found advantageous. For all ‘general ¢ cutting, t the oxy-acety- o 
lene torch is, preferable account of its economy. 1n, con- 


n, ‘rapidity, with which the cut may 


A Oxygen is produc [to an enormous extent it t in “the United 
by, principal processes—th e Jiquefaction of air and 
the subsequent separation, of , oxygen from: the mifrogen 
nd the. electrolysis of water. the liquid air ‘process th 
air is reduced to ‘Tiquefaction. through pressure, 
refrigeration, and. expansion in, the Jiquid state and d under 
pressure. of. a few pounds nitrogen, which liquefies : at a lower 
temperature ‘than. that oxygen, will evaporate | firs and 


-out of the machine, he oxygen i is ‘collected gas 
forr rm in gasometers, ‘and. is afterwards. compressed i in oxygen 
cylinders. toa pressure of approximately 1,800 pounds per per, 
square inch. These cylinders are in daily. use, throughout the 
United States and may be obtained already charged | from 
central distributing points, Igcated in al most every City. 
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“For “cutting, oxygen an and ‘acetylene | reused to a greater : 
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‘The second process consists in the electrolysis of water. 
By this means the electrie current is utilized in an electrolytic 
cell to break up water: into its cuaene parts, oxygen and 
hydrogen. 

Acetylene is usually generated in an acetylene generator. 


This generator contains calcium carbide in a hopper at the top 


of the machine and automatically feeds it into the water. in 
the lower part of the apparatus. The reaction between the 
carbide and the water produces acetylene gas, which is piped 
directly to the point ‘where it is used in the welding Shop. 
Acetylene may thus be > produced locally i in oa enna re- 
quired, and at a low operating cost. 

Acetylene may also be procured, pris and dissolved 
in cylinders. These cylinders are. charged at central produc- 
ing points and shipped to the user as. required. - The cylinder 
is a special cylinder completely filled with a porous . filler of 
cement, charcoal, ‘infusorial earth, ete., ‘the filler being. satu- 
rated with acetone. | Acetone has the property of dissolving 
acetylene and. thus making’ it safe while under pressure. 
Acetylene tanks are especially useful when the welding | or 
cutting to be done necessitates the use of portable apparatus. - 

Pressure regulators or pressure reducers are used to, reduce 


the high pressure of oxygen in the cylinders to suitable 


pressures at the torch, and. the much lower Pressures o 
, acetylene flowing from the acetylene cylinders. (or from the’ 
acetylene generator, if i in use). Pressure gages. indicate ‘the 
pressures in the cylinders and ‘at the torch. Regulators | should 
always receive “careful treatment. They are a ‘senstive dia- 
phragm mechanism, and the ‘service is severe. ais properly 
used they. will ‘accurately regulate the gas pressure. Fig. 1 
shows the oxygen and acetylene regulators: with.the Fespective 
high-pressure and working-pressure gages. 

The Oxy-acetylene Burner, known as the ' ‘torch, ad con- 
nected to the s source of, su ply by two “lengths of hose. ‘ti is 
simple in construction. 


acetylene are brought together. and» intimately “mixed: in ‘an 
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interchangeable tip. This tip varies with the thickness of 
weld and size of flame required. It is essential that the two 
gases be brought together under independent. -Pressures, and 
that at the point of mixture the gas jets bé directed together 
so as to produce the most thorough intermingling. 

Character of Flame—As shown in Fig. 2, the combustion 
of oxygen and acetylene:produces a luminous cone of flame at 
the tip of the torch which has a temperature of approximately 
6,300 degrees F. This cone of flame is large or small, depend- 
ing upon the size of the tip in use. If a heavy section of 
-. metal is to be welded, a large tip with a correspondingly large 
cone is required. In sheet-metal welding the tips are small 
and the cone of flame approaches the size of a pencil point. — 

For iron and steel, cast iron, cast steel, ‘etc., a ‘neutral flame 
is required. The neutrality of the flame is a very essential 
feature in connection with the welding of these metals. By a 
slight change in the adjustment of the needle, valyes of the 
torch the flame may become neutral, oxidizing or carbonizing. 
The carbonizing flame has an excess of acetylene, and the 
oxidizing flame has an excess of oxygen. The flame is neu- 
tral when there is just enough oxygen and acetylene to pro- 
duce combustion. If the welder does not use proper care in 
keeping the flame neutral he cannot expect to produce a good 
weld. Poor welding is often the result of a" in this 
respect. 

Oxy-Acetylene Welding consists i bringing the tempera- 
ture of the two parts to be welded to the point of fusion by 
means of the torch flame. When i in its molten, condition new 
metal is added to the: fused mass by melting init. special weld- 
ing stocks or rods made up of a suitable material for the 
work in process. When. the-tw6=pieces to be ‘joined have 
been fused or melted together in a mass without materially 
accomplished. 

It will be that dertain suck 
fusion, or in fact the application of any degree of heat above | 
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the ctitical temperature; will utterly ehange'the chataeteristics 
of the’ metal, antd’a weld in'such’ instances cantiot ‘bel madé by 
the siinple fusion of the’ pieces: This’ is true of ‘malleable 
iton which, while it may not ‘be welded ‘as “above: described 
‘without re-arinealing; may! be’ satisfactorily’ ‘brazed’ 
brass as a joining material‘under proper 

and metals expand with 
‘The amount of expansion catised in 
a steel plate by a considerable rise in’temperature isifelatively 
sttiall, but it acts with great force.’ In‘making a‘ weld ‘between 
any’ two ‘pieces' of metal consideration must be given’ the 
effect of expansion ‘and contraction. This “is” particularly 
stricted or confined members. 

Pre-heating.—The stresses produted by expansion and con- 
traction in the welded pieces may be, so great as:to. break the 
weld or crack it when cold. ‘To avoid such stresses the cast- 
ing should | always be pre-heated slowly and evenly by means 
of a.flame which has.a.lower temperature’ and is not,so con- 
centratéd' as that. produced by the oxy-deétylene torch: ~ 

The most suitable apparatus for pre-heating is a fuel oil or 
kerosene burner. Stich burners are if general use in thechani- 
cal plants and are well- known. The burner produces a large, 
long, soft ‘flame. ‘The. casting heated is set a 
layer-of cbrick upomthe floor of the shop, if the floor is of 
coneréte, and in a”€onvenient positionfor the welder. A 
rough fire-brick wall is then built up found it. The brick wall 
is covered over with a piece of sheet iron to retain the” heat. 
The casting is thus heated evenly allover and each member is 
expanded:' After the welding has been accomplished the 
casting is’ ‘re-htated’ to take care of ‘any: stresses whith may 
have been set up, and then allowed to cool very slowly by 
being covered with asbestos, hot sand, linie or ashes, to ex- 
clude the air, Such, treatment. will the 
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If the fuel, oil pre-heaters are not obtainable charcoal.may 
be used, preferably with a little compressed,air., If.neither of 
these can be obtained. the casting, may be set up onthe fire 
brick.,so that the air will.reach the charcoal.fire. If the cast- 
ing is extremely. large. it. may be..preferable not, to, heat it in 
its entirety, but any portion of it may be heated by, building 
up, that portion as described above. Large, castings, however, 
require considerable skill, in. this, 
may, be applied. to. the.right members.. 

Size of Flame—The size of. the. is the 
amount. of. gas: passing, through the ports, and this. flow. of 
gas is controlled by the.size of the interchangeable tip. The 
tip should) be chosen metal 

seat 


Acetylene and og Pressures with Styles 99 and 1 100 ripe. 


in... |, Ibs. “10 Ibs... 
She in. lbs, | ‘12 Ibs. 
On. in, » 6 ime Tbs. 
For copvenietice, uentl regulator to 2 pounds above 


that in, table for the tip being used. which will allow for 
justing fordrop caused by lowering of ae 9 in tank, variations in gauges, 
or other local causes, 
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will require, a small flame and a ‘small tip, while heavy plates 

require larger flames and larger tips. The: size.of:the flame. 
must, in short, bear a certain relation to. the sizeof the work 

in order to obtain best results. Larger plates, .absorb. and 

dissipate the heat rapidly, and. if insufficient. gas is) burned. to 

raise the joint to the fusing temperature welding .cannot. be 

accomplished. Absorption of heat is' reduced. by preheating, 

and rapid .dissipation of is prevented, by protecting 

the parts. some heat sheet fire 

brick, ete... ralel 

little or no. special preparation of the joint may be required, 
_ but.on heavy parts it is)necessary to/chip away the edges, to 
an angle of not less than 90 degrees. This may be accom- 
plished with, an air chipper, hand chisel. or a) grinding wheel, 
and is. necessary in order that fusion of the joint may, begin 
at. its lower.surface.., When.the,torch is applied to the bot- 
tom: of the.V. the lower. edges: are: fused,.and.the.sides. of. 
Darts are slowly raised to. a fusing temperature... 
When fusion has been accomplished immer 
diate part, of the section, being, welded,adding material ..is 
supplied; by means of a suitable, welding rod. ,.It will, how- 
ever, be appreciated that, unless) the joint,is chipped.away to 
permit the welder to begin at the bottom. of the 
to. create fusion clear through the sectione 

Adding Material. (Welding, Rods).—Adding. 
made up in the form of- wire of various; diameters 
and approximately in 36-inch lengths, or in cast form of va- 
rious diameters and approximately.in 20-inch, lengths. .-These 
rods, which, are generally called. melding a 
suitable alloy for the work in hand. 

Most manufacturers, through a lone, series 
have developed that certain alloys, combined. with certain fluxes 
produce, the. best) results under, given,,conditions, and _it,.1s 
essential that the welder keep, this in mind in selecting a suit- 
able welding rod. for.the job to be accomplished...) 
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While these ‘rods. are usually made‘up upon'a spe }analy- 
sisor formula ‘proven best’ by experimental’ work; ‘it ‘is also 


-necessaty ‘that the rods be! made ‘up “by a ‘special method ‘and 


under ‘definite! conditions in’ order to’ ptoduce ‘satisfactory 
results. Two rods of ‘like analysis ‘will not always *prodace 
the’same’ result when ‘used: for’ the method ' of 
Manipulation of: Torch. size of ‘tip for 
the work to’ be’accomplished. This ‘is’ generally shown in the 
manufacturer’s pamphlets. Connectsthe torch to the’ soutce 
of ‘supply of oxygen ‘and’ acetylene, also as descttbed'in the 
mantifacturer’s directions.’ Open the valves; adjust the pres-_ 
sures:and ‘light the indicated: for ‘particular torch 
in’ od yem ost jon io ns 
Tt will be ‘that ‘the ‘presstires of each’ gas are 
adjusted the flame: will’ possess ‘clearly’ defined 
luminous cone. If a little’ more’ acetylene i is ‘turtied ‘into the 
torch a greenish tinge of flame will appear at the tip of the — 
luminous cone.’ alittle ‘more’ oxygen’ is’ turned’ on’ the 
cone ‘will become’ shorter andi more transparent ‘and léss lumi- 
nous; To: be ‘neutral the flame‘ ‘should be just between these 
points: There ‘should “no' greenish ‘tinge, ‘but’ the flare 
should ‘be clearly ‘defined and luminotrs. ‘See Fig. 2 for 
It is assumed ‘that’ the’ has been’ 
preheated ‘as*has been described’ heretofore. Hold \the ‘torch 
in the right hand and the adding material in the left.’ Play 
the flame ‘slowly ‘along: the’ edges’ to be united, begihnitig 
always at the edges farthest away from the operator. Play 


torch momentarily at this point and quickly fuse the sides 


of the V until a puddle is formed.’ Apply the adding ‘mates 

rial’in actual contact with the ptiddle and ‘oscillate ‘the torch 
slowly ‘backward’ and’ ‘forward in ‘a sémi-circle, keeping’ the 
flame and the tip pointing to the! completed work.  Qsciflate 


"the “welding rod’ in sitttilar to the’ torch; but’ ‘iti ‘the 


opposite direction, || which’ will keep ‘the! puddle:'free ‘from 
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inclusions of gas. Continue thi¢ motion and keep the puddle 
flowing constantly until] the weld is complete or until the 
opérator has reached the point where he can permit-the work 
to ool down. Do not permit thie: ot molten puddle to flow 
over the cold unmolten “surface. If this is: done, fusion 
between the puddle and’ the cooler surface will not occur, 
atid a lap will be produced. » Apply the torchin such miafitier 
that the parts being welded are/always in a state of | fusion 
before’ melting the welding rod into the puddle. See Fig. 3. 

Fluxes —The effect of a) flux-is. to lessen oxidation 
reducé the oxide film that! prev perfect union, The 


choice: flax is important, as su may ‘hinge’ on the 


& flux tised, Home-made fluxes generally lack the careful pro- 
2 portioning of ingredients and the thorough eta es mix- 
ing necessary for best results, 
<- Direction of Welding. —When welding thin steel it is cus- 
- tomary to tack at the left and weld from the right. | But 
- when thick sections. are welded the welding should proceed 
from the left, as shown in Fig. 3. The advancing. puddle and 
~ side ‘Walls are thus kept direetly under the 
and cold shuts are more easily avoid | 
Welding Cast Iron.—Cast iron. tbe ‘preheated 
as desctibed: in the. paragraph: sheaded “‘Preheating.” The 
edges’ d of the — or break\should be carefully prepared 
before welding, by ichipping away'the metal so that there will 
be atn to permit the welder to start fusion at the 
‘bottom of the groove. The Casting. should be placed in posi- 
tion so thatits parts ate in proper alignment and will remain 
so during welding. It is preferable to have the crack or sont 
to be welded on the upper side of the casting. my 
When this has been accomplished the, casting may be 

bricked up, using a rough firebrick wall, d preheated as 
‘above described. When the casting has reached a tempera- 
ture a little less than dull red, the brick or cover may be re- 
“moved to permit the welder to work: : 

In welding cast iron a cape cast-iron welling rod should 
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always be used together witha proper flux... It is, essential 
that the welding rod be high in silicon and of good grade. of 
flowing smoothly. .. 

‘As the sides of the V-breake are the abate 
rial, united with the molten mass the welder uses the rod. to 
scrape away any dirt or.slag that may be encountered and.to 
break up inclusions of. gas,. When. the weld is completed: in 
this. manner ‘the: casting. should be covered: up and the: pre- 
heating burners re-lighted for a short period of time to bring 
the heat) again. sufficiently. high to..eliminate any (strain or 
stresses which may. have been set up. ..The:casting should, then 
be completely covered up and allowed: to cool very: 
Welding. Malleable, Iron—Welding, malleable; iron is! not 
advisable. except where, high strength of the joint is not. re- 
quired.,, The effect..of the-process by which. white cast, iron 

is converted into so-called malleable destroyed. by 
fusing the metal, as it is changed, again to brittle cast; iron. 

Broken; malleable parts strongly united by brazing 
with. bronze welding rods and flux. Care should be, observed 
that too. high a heat is not used,jin, brazing; full red. heat 
produced by a neutral/flame will 'yield best results, The iron 
and bronze, should freely alloy, in order to-give a strong joint, 
Welding Steel—tIn welding steel, the welding rod used: con- 
sists in most instances of a good grade of domestic iron wire, 
liquor drawn and annealed, .In- some instances it is prefer- 
able to use; a. low-carbon. steel as a, welding: rod, this 
depends upon the immediate case and the local conditions. 
'. The plates should be prepared by chipping the edges to an 
angle of 90 degrees, and fusion should he’ produced at ‘the 
bottom of the V and along sides, before any welding wire 
is added. . If the welder is not careful in this respect'a series 

- of cold-shuts and Japs will be produced. Care must be taken 
not to burn the welding: rod, and the puddle produced must be 
continually maintained as far,as'is practicable: The'speed of 
rotation of the. flame)as it is manipulated by, the welder,' and 
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its) advanice ialong''the ‘seam, tothe ‘workin 
hanésts boos to bas od bor gaiblow ont 
bon content, and no fixed rule can be given’ for'-welding. 
When the ‘carbon’ ‘content “is: below twenty’ points’(0.20), 
welding ‘can’ be ‘accomplished’ ‘with ' ease, ‘but castings with 
higher percentage of carbon‘are ikély ‘to’ give ‘troublel “A 
little copper added ‘tothe weld will assist'in ‘difficdlt cases, 
but its use‘in generalis to°be avoided; as it hardens’ the 'weld. 
Welding: Cast Alwminwm.—The aluminum parts» to be 
welded ‘should “be ‘thoroughly ‘cleaned’ to’ remove ‘all ‘grease, 
oxide and foreign material)’ ‘The edges should be beveled the 
same as cast iron and steel if the thickness ‘exceeds inch. 
Preheating is' highly important in'the case of aluminum, on 
account “of ‘its rapid heat’ absorption ‘and dissipation: “To 
secure perfect welds it is necessary to preheat’ comparatively 
small parts all over-to temperature of about '600°deprees FL 
Adding material is supplied in‘ alloy sticks which “stiould be 
free from. sand’or other! foreign matter) flattened iton 
rod'is required’to puddle the melted aluminiuim,’break up the 
oxide and ‘make it fillthe joint. 'Care should be ‘taken not 
to ‘heat the end ‘of the rod to a‘high temperature, as ‘the 
resulting iron oxide will mielted anid 

flux and ‘drawn’ aluminum’ wire ‘adding material. 
Care must be taken to choose a'size’of tip sttited to the work: 
The operator must ‘work ‘rapidly)'as thin’ sheets heat to’ the 
fusing point quickly, ‘andthe welding ‘must’ be 
delay in order'to obtain'a smooth; clean job.” 


Welding C opper.-Copper welding requités a larger tp 


than«\steel Of ‘the’ ‘sariie “gage, "because of! the greater 
heat radiation, and the? preheating of comparatively large 
pieces ‘is necessary: It is desirable’ to usé a flux ‘and a strictly 
neutral flame to: ‘prevent oxidation and consequent ‘weakening 
of copper. /special alloy welding’ rod i is required: 
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The joint copper has the tensile strength of cast copper, but 
it may be increased: by judicious hammering. 

Welding Brass and; Bronze-—Care should, in 
welding brags, and bronze,,/not to. overheat: the:metal: 
volatilize the zinc or tin. The white fumes resulting: from 
overheating with the torch are poisonous, and.the: operator: 
should.avoid breathing them,. flux should: used, .and 
preheating will, be, necessary..on: large pieces. Use. special. 
cast-bronze welding rod for adding material. : 

Welding Cast Iron and ' Steel—The steel must: first be 
heated to. the welding temperature,, as its fusing point is 
~ higher: than that of cast iron, The torch flame is then directed 
against the cast iron, and, as fusion begins, adding material 
is supplied from regular. cast-iron: ‘welding rods om’ sticks. 
The patts to be weldéd’Should be préparéd the samé as de- 
scribed for other metals. A cast-iron welding flux will facili- 
tate the work, and is recommended, oe 

Welding. Copper and Steel—Heat the steel to the welding 
point .and.apply the copper, letting it absorb heat from the ~ 
steel until-it begins to melt. The “— should be withdrawn 
as soon as fusion starts. 

W. elding High-Speed Steel and M sthiae Steel. —High-speed 
steel .may_be used economically for lathe. and planer tools by — 
welding cutting bits to machine steel shanks. ‘The high-speed 
steel piéce’should be fitted ‘to a notch in the end of the shank, 
which will afford support beneath. The sides of the bit to be 
welded , should be heayily, coated or “tinned” with fegular 

welding rod, and when this is accomplished the welding’ to 
the shank»is done in the usual way.-' The welding of high- 


speed. drills to machinte-steel shanks by the oxy-acétylene 


process can be done successfully, but, is not advised. unless — 
special facilities are provided. If necessary for special work 
to provideia few long-shank high-speed drills, scarf the shanks 
-and drills, and unite using rod 
and 
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Welding Dissimilar' Metals in General—Metals' having 
widely different melting’ ‘temperatures may be successfully 
.. united by coating or “ tinning” the metal having the higher 
melting point, with the metal having the lower melting point. 
Then the two are fused together. to’ bee! de- 
pends on the metals to be welded. 
Cutting Iron and Steel. special of. 
torch is: for’: iron: and steel ‘Cast iron 


Acetylene Oxygen Pressures with Style 12 2 Tips. 


Thickness’ Acétylene 
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- and other metals cannot he cut. The action sof cutting iron 
and steel is based on the principle that, wrought iron and 
steel will be oxidized or burned when raised ie ie heat and 
exposed to a jet of oxygen gas. j 


Apparatus for Cuttiny.—The for! cutting differs 
in the type of torch and the oxygen working pressure, the 


pressure being much higher for cutting, than for ‘welding. 

The construction of a cutting torch is shown.an Fig. 4. 
Machines for Cutting —A number of ingenious machines 

have been developed for holding and guiding the cutting 


torch. They make’ it possible to cut die blanks and all sorts — 


of forms accurately from thick plates. Bai 
Speed of Cutting —The speed of cutting ‘depends upon the 
size of the torch, gas consumption, and thickness of steel. 


It is not umisual to ot ¥%-inch steel at i hin of 15 inches 
per minute. 


Depth of he depth of be cut 


is remarkable. Armor plate up to 16 to 18 inches ‘thick can 
be cut quicker and cheaper than by any other method. Cut- 
ting to depths of 6 to 8 rere, is well within the skill of 
ordinary operators. 

Oxy-Acetylene utting for Wr recking. cut- 
ting is much easier learned than welding, and laborers may 
be quickly trained to. use the torch opera- 
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‘tracted from Adm rs for’ Hydtaulic and 


Aerial Propulsion”— Wil Wile “Sons. he author has taken this 
‘opportunity to up fiumerous poi in’ work, and where’ ‘dif- 


fe 
here presented should be the. work. and. this article, 


propelier are?” 
1. ‘The form of the body of the ship,’ 
2. The location | of the propeller i in relation to the a 
~ 8. The diameter of the propeller =D (in feet). 
4, The pitch of the propeller —= P (in feet). cage 
The Projected” blade’ area ratio of ‘the: 


The of ‘the propeller per = Ra. 


Speed advance of propeller’ relative to ‘Stern 


THRUST DEDUCTION WAKE. 


fon 
~The form of the after body lines of the viniddrbatie body of 
the ship and the location ‘of the'propeller in relation to these 
lines affect the mean direction of flow of the currents of' ‘water 
entering the propeller. While passing through the propeller 
some, change in the mean’ direction of flow. is precess tend-. 
ing to, throw. the water more directly. astern. The ‘reduced 
propelling effect ‘produced by the. angularity of entrance of 
the currents into and. thew work done i in changing. the direction 
flow of the ‘currents while passing ‘through: the. propeller 


ob teh the ‘expendittire of an excess of power over that 
5° 


The Quantities entering rey 
4, Or shait horsepower 
: 


which would be required were the lines of flow of these cur- 
rents normal to the disc of! the propéllér: )This excess expen- 
diture of power is known upder the name of Thrust Dedpction. 
Thrust Deduction is often stated to be the loss of propelling 
effect caused by the reduction of p pressure of the water in the 
‘wake of* the’ ‘hull where ‘the’ proj 
incorrect, for: if this wete the ‘cause of ‘the loss, the power 
requited per revolution. of the propellér would ‘be reduced 
below’ that -reqitired!’ wheré'no loss" existed: This, however, 
is not the case, as the same formula for apparent slip i is ‘ited 
when the 1 loss exists as when it does not, the apparent sie in 
both cases depending, among other’ ‘factors, directly upon, tl 
power applied to, the propeller, upon 
thrust, delivered by the propeller. 
Wake ( Gain, —As a, vessel | moves Liraih hrough h the water 
she displaces ‘the, ‘water, which again Al ows in, behind her. 
Som m ¢ of this. replacement flow Occurs iy forward, but not 
all of it, as “the hull of oat vessel prevents the full supply from 


being provided in that di action. Phe remainder of flow 
comes from aft and in the, relative. 
hull to, wa water below, tha t, between ull and 
his decrease in relative ae is known, as W, aa The 
slip of the Propeller, rich. works 1 in this wak ke 
the real while the slip as measured between the speed 
of advance of the : screw as it would be if working i in a solid 
non-yielding nut and its actua ‘speed of. advance i is known as 
the, apparent, slip.,, The} ratio: between, the apparent. slip’and | 
the|real slip-may be expressed, as follows; edi bere qide orlt 
according | to.the postion ‘opeller ‘the 
The gen eneral effect i is to ‘Teduce the of i 


5, 
what, they’ ‘would be with power applied should ‘no 
exist and at the same. increase e thrust de- 
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livered; by..the propeller, » thus) tending to; nullify. some: of. the 
malign: effect of thrust deduction... The closer in, to, the after 
body,,of ithe hull, and, the farther..aft, within, the, limits, of; the 
hull: sandenwater length; the, propeller. is.,located,, the 
greater willbe’ the thrust deduction: logs, but, the, greater: will 
beithe wake and the consequent. wake gain. ,, Calling the, power 
required to drive.a vessel without either thrust deduction.or 
wake gain; unity, and using t to represent. thrust deduction 
and wito:represent wake gain, the factor, by which unity power 
must>be multiplied, on; these loss 


and gain factors is. represented Hans tallsq 

(4997 mt) meoll ex bite. sibbirn 
SLIP BLOCK COEFFICIENTS, 

fo 


Coefficients: of the Hull;-The hull coefficients. in. common 
use for the comparison of hulls of vessels are four,in number: 
‘1. |Block: Coefficient: =| 35), 
“(Length on Greatest immersed, beam 
these ‘latter dimensions. being in 
Rel to sotsmmises rot yp 
2. Prismatic in, tons, X | 35.) 
{Area of immersed midship section (square feet) X 
Length on Load-water-fine (iri feet)}. 
Coefficient.=> (Displacement in tons, x- 


Midship. Section Coefficient, =, of ‘Tmmersed ‘Mid- 
oship. Section (in square feet)} + { {Greatest immersed 
y/beam, (in. feet) Mean; draught: feet) 


Thrust deduction, wake gain, and revolutions of ‘the pro- 


 peller for any; given power. of,engine and any speed of “vessel 


depend upon | Bel after body lines of the ship under considera- 
tion, and dnd there ore tipon n the above’ would be: 
pre to the & efficients’ for the After body 
of the ship only, if these/were! available, but this is not the 


case at the present! day: ‘In deterntining approximately the 
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lines’ of the ship which ‘affect’ the’ propeller performance, the 
Block Coefficient and Midship Section Coefficient are 

for’ a’ given length of ‘middle*body ofthe ship the after- 
Bday! ines were ‘of ‘constant’ form and ‘the ‘midship ‘section 
coefficient were constant for each patticular Block! Coefficient, 
it would be a simple matter to prepare charts: from’ which 
the standard block coefficient could be picked off, as by *hold- 
ing the two given factors constant the length of the ship ‘can 
be increased or decreased by varying the length of the middle 
body’and yet the conditions of flow of the water ‘to the \pro- 
peller remain constant. The Block Coefficient ‘the: ship 
would, however, increase or decrease.,with the length of the 
middle body and very nearly as the Beam (in feet) +- Length 
on Load-water-line (in feet), = 
The trials of such a standard set of vessels have been used 

in obtaining! the factors for use in the design: of propellers, 
and the hull coefficients of Block ‘and Midship Section used in 
laying “down'‘a system by which the Standard (Slip) Block 
‘Coefficient ‘of hulls of ordinary orthodox ‘form obtained. 

The Equations for estimates of Standard Slip Block Co- 

“a lass located close’ the hull 
‘and the hull of such ‘form’ that ‘a ‘vertical! line through the 
center of the propeller pierces the skin of the'ship at or below 
the water line, also where propellers are’ of ‘small diameter 
‘and located well forward of the stern post, the vertical through 
the center of hub piercing oF at or’ the 


water line. vt 


_ Formula A. Slip’ Block’ Coefcient (Bc 


+hength, on, Load. Water Line), 
28 (1: Coef. Length on. 


q 
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or, for close approximation to the above; Length between; Per- 
pendiculars, may, be substituted, for L.L.W.L.,. then, 


LBP. 
—BC) + 
“tase 2.  Wrheie the after body of the hull fines so rapidly 
in the athwartship dimension that the vertical through the 
hub center passes entirely clear of the ship or pierces the ‘hull 
well above the water line; the diameter of :the propeller being 
greater than 75 draught, the 4 as 


_B+LLWL. 

+ L.B.P. 

3.—~Where the hull:is as in: (1), but the propellers are 
small inidiameter and located aft in way.-of stern’ post, the 
vertical through center of hub’ Piercing the as 


® SBO= 


BC) LEI P.) 


Class on WE the after body i is as in “(2), but the pro- 
pellers are ‘located. aft and close to the stern post and are of a 
diameter less than .? normal draught of the ship, the pro- 
peller ‘beitig’ located’ low ‘so that’ its lower blades pass 
‘close to’ or ‘below the base. line’ of the 


BC) + B+ LBP) 


Class 5. of the hull fines very rapidly 
itt the! vertical, but’very: slowly in the water line plane, the 
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vertical through the hub centers piercing. the ofthe 
the water line, the equation becomes!!!) 


(1) (a) S.B.C. =; Wale Ww. 


propel are far and close to' the:sterm post,» 
—BC)+B+ L.B.P.) 
SINGLE SCREW SHIPS. 
0Clas$6.—Where: the | hull is of form! that a ‘vertical 
through the hub center pierces! the hull welloabove the water 
dine; the hull being of not less than 20 feet draught at'the stern 
and the propeller not less than .75') draught in diameter, or 
(2) where the hull is of such | form that the propeller is com- 


pletely shrouded hy the load water plane of the ship, the’equa- 
tion for the, She, Block Coefficient is 


B+ LiL. W.L. 


-ig 513 ot io [sry 291. 

Class, the hull. is of, that. the, 
the hull center, pierces the hull well above;the, water 
line and where the draught at the stern is less than 14 feet or 
the diameter of the propeller i is less. than .7 the co at the 
stern, the equation takes the form’ 1) 


“biqst viev otlpiayiod wits 5 


ie 
q 
*3f 
‘ 
4 
q 
ale 
i 4. 
q 
i 
q 
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. 
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“hull with locate abaft and 


ear of h H foitibno eesh tol pert 


Class ‘9. Double hull (With propellens located ‘beneath 
hull. 


FOR TUNNEL, BOATS... Hi-to lsecev 

Class 10. —The S.B.C. will be, at the ghtest, that formed 
by using formula (A), and may ‘be still tess.’ Data on the 

“CORRECTION. OF S.B.C, FOR VARIATION, oF. seorton 
not 1992 CORFFICIBN'T FROM STANDARD. . A 10 


The Standard Midship Section Coefficients’ agree with: ‘the 
valites Of'the’S.B.C. as fotitid ‘by equation Should ‘there 
be a wide variation between the’ actual and the standard! der- 
tain corrections should 'bé to tonditions® existing” “titer 
‘Classes't, 87°45, and 7'to Obtain 

Phe ‘valued oP WHE 


‘Mid. Sec. Coef..| .996 994 | .992| | 988 | | 978} | 189% | 4742} 
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To illustrate the method of correction for variation in mid- 
‘ship section from standard, suppose the 9§.B.C. as found by 
equation (A) be .6, “but 'the midship section coefficient. be .95, 
then the corrected S.B.C. for the class 1 Condition Will be” 


Now be of Class 4, where 


(E) B+ LL.W.L. 


B+-LLW.L. 


"164, BC.) + (B+LLWL) 


which will be the corrected Slip Block Coefficient for the single 


screw of this same form’ 


DEFERMINATION ¢ OF : DEDUCTION FACTOR 


already stated, the Thrust Deduetion Factor K ‘any 


‘ hull depends upon the form of the ‘after body of the hull, the 


Slip Block Coefficient, and upon the position of the propeller 
relative to the hull; thus the $.B.C. to use in determining the. 
value of K for vessels of Classes a8 Shae? Winder section on” 
Ship Block Coefficient,are at? 
Class 1, is that found by, Equation, (A) for varia; 
tia in imidship s¢ction coefficient from, Standard... 
Class, 2, is that found by, Equation 
Class 3, ig that found by Equation (B). corrected for. 


tion immidship section,coefficient ‘from Standard....:,., 


is\that; found by Equation, (C) ‘corrected. for, varia- 


tion in midship section coefficient from Standard. ..../ 
Class 5, (1), is that found. by, Equation (A) corrected for 
variation in midship section coefficient from Standard. _,__ 
‘Class 5, (2), is that fourid by Equatioti (D) corrected for — 


variation in midship’ section coefficient as before. 


e 


: 
| 
iq 
A 
‘ 
sth itil 
q 
« 
7 
i 
= 
‘ 
. 


~ Class, and, is, that found, by, Equation (E). cor- 
rected as.for class (5)... 
«Class *%, that: found. by Equation ® corrected as for 
5. 
Class 8, the value of K is unity. 
Class.9;is. unity. when" clearance and god di: 
ce ‘between propellers is maintained, 
10, is of. constant yale: and i 195: 


Classes 1, 3; 4, 6 (2); thé relative Yalu 


| of ‘K is variable and is dependent upon the relative: mean tip 


cleatance between the propeller blade tip ‘in-closést position to 
the hull and the. hull, she the 


when: x: 14) = (Actual 
sheight of this tip ‘above Horizotital base line’ of ship,’in 
this. base line being a line drawn’ 
‘keel at its greatest immersion.) .... 


= tip tleatance 
of propeller disc and hull (Actual height.of 
center of hub of:propeller, in feet, above ‘the*base‘line. ) 

The value of K for vessels of these classes for different 
values of S.B.C, as found above and aie Midis values of 
M,T.C. are given, in Table Il. 

good general rule to, follow. ‘the | of the 
blades as far from the. hull body as possible. and yet. close 
enough in to the | hull to retain the full value of the wake while 
at, the same time, the shaft, lines are kept parallel. to the. direc 
tion of motion of the. vessel so that the currents of, water 
are an opportunity, to, straighten 
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otit’ and ‘efiter the! propeller direction: ‘trioré 
pendicular to its disc, while the direction of ‘thrust of? the 
propeller will be ‘heatly opposite to the direétion Of motion 


of the vessel as possible. 


inn Zl To spigy orlt «2 
1.8 | 20 | o|: 


the. Lake e on. the. eur- 

be 1/2 as grea’ on 

ony the condition will 

equal 24172" 


Table II. Values of K for M.T.0.' and 8.8.0. 
petween propellers an mat 

 Jacent propellers, K tor this ¥ 
_ may, safely be aasumed asi unity. 


shatlow-dratt vessels: Such’ as ‘destroyers the tip 


hot be than, two feet, while “tor vessels 


of deep draught where the propeltet 48 overtiting by the im- 


mersed ‘body’ ‘of the hull, the actual tip’ cleatatice “should ‘be 
not fess than three feet, and fibre if’ posbiBle: 
‘The’ above Tables 6f K values’ for Standard projected 
atea form blades. Where Blades dre the fotins ktiown 
as Fan, Broad’ Tippe OF Narrow Tipped, as desctibed later: 


these’ Values: as’ given for ests wie the values ‘of 'K 


| 12.34 [1.19 |1.196 | 
11.75 12.47 12,34 [2.94 


965 


d the r relative mean tip clearance, may be consid- 
inereasing! ‘for the. first types 
creasing fot the third type, sit al value for the first two 
s:being ‘the ,m bety t for thé Actual +tip clear- 


.6)|.6 
4.0 de ’ 
|. 8 9 | {925 
Mable: 11, Values of for Vessels of 
| 
80,1900. | 10, | 
Table Fe of ter of tage. 5.) 


4 


xaultiple bilge keels, 


struts and docking keels, 7° 
2. Merchant ships, multiple propellers :—Rudder, bilge 


Rast and jight vessels, 


strats and, in some cases, bilge, keels. -and injection 


Sin, ngle-screw. vessels:—Rudder and rudder. pant and, in 


large vessels, bilge keels. 


| | 
- 
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=Deckin 
5B. K.=-Bilge 
_, Rud, -Rudder 


2050 

m This Point 

sande Rematne Conetant, Provably 


the sbpenthes Resis- 


VI, 


tra 


Ve L 
APP. esis, ; 


Gent of Bare Hull for: Battleships 
end 


te 


730 


Append 


cent. of Bare 


if wos 


Resistances in Per. “is 


Ly 


q 
a ba sae. eo ne Ol. 
4 .034| .083 | .146| .164| .195 | .146 
q | 2270. | «879 2512 «260. 
| .021] .080/ .133 | «154: 813, | | 
1.1 .01 | .055] .0941 
196 
| 
| 
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The resistance of the appendages appears to be a varying 
percentage of the bare hull resistance, on! the df 
For of lines ‘similar ‘to ‘battleships destrayers 
Table V Rives ‘the approximate values of the re- 
sistance in per cent of the bare hull-resistance -—- i 
For. vessels of, Merchant ‘Type, given: as Class 5 ‘under dis- 
cussion of $.B.C.; where the appendages: are usuially Rudder, 
Struts,. and Bilge Keels, the’ appendage 
to be as given in Table VII. 
These percentages from ‘either: Table are additive to the 
bare hull resistance and: must ‘be applied where the total effec- 
tive horsepower required to tow the vesselis given as the base 
on which to design the ‘propeller ‘ahd estimate ‘the necessary 
power, Any abnormal. appendages: must: be: estimated inde- 
and added to the total ehp. as above 


= FOR: | SAND ) oe 

ag as’ “the blade. ‘sections: of 
closely-to the standard form of: blade. section: described later, 
all propellers, no matter ‘what the form of projected 
ratio, may be reduced to.astandard form of. this ratio, 
performance’ of this standard formed propeller be esti = 
when ‘working given fixed ‘conditionof resistance, 
and by: means’ of: coefficients obtained. «from: actual perform- 
_ ances «of-many- propellers-behind many -different-vatieties of 
hulls, the proper corrective factors to-obtain the: performances 
under ‘any. other: ‘of resistance can be’ and 

This condition. “ot Faxed is | Basic 
Condition of Design and_the. Propellers and_Data conforming 
to it are: Jenown: as Basie. The Table: _these™¢onditions 


(Table values of - Projected. Area’ 


Ratios for three-bladed propellers, propellers of this number 
blades having been used in eee the data, the following 
values : 


| 
< t 
- 
| 
t 
4 
| 
4 


5) 


somsiziest 


* 


Gi 


His’ 


eyed BOTS TP ROD 


ct bees eniverd eobsid 


— 


RON CAVA 


ivisy sod 


= 


ft aint to eralloqorg ileqotq bebsid-settlt 104 


4 
| OF 
q 
| 
BITS | De : : 
| sq ORE 
LST ERI eeee 
Ss 
o 
| 
| 
| 


1, Basie; Indicated thrust in pounds per square. inch 
BITE Basic Tip ‘speed of ‘propeller in’ ‘feet’ ‘per minute: 
3. ¥—S=1— Basic Apparent ‘Siip any ‘the 
apparent slip ‘being in per cent. “AS the’ are 

fixed, the relation between ithe real slip’ and the apparent 


slip for,any.S.B.C., LT.p, and T.S. ;will be constant and 
therefore the apparent slip may be substituted for - the 


real slip in the computations... 
4. P.C. = Basic Propulsiye Coefficient ‘jn per cent, 
(A) From the values given in this table, having given 


rc... = Pitch of Propeller, in feet. 


= Diameter of Propeller, in feet, 

Projected Area of Blades of th 


to oft 2s as. 9.0 bas eonlay 
4/35 A otal Projected Area,;Ratio—4 


= Total Projected Area 


E.H.P. = Basic Effective ‘(Tow Rope) 
S.H.P. = Basic Shaft 


be obtained where 


4° 291.8 for s-bladed propeller!) 


} 
> 
} 
~ 
‘ 
: j 


| = P.C,, where P.C.'is the propulsive cd- 
| efficient taken from Table VIII for the total projected area. 
ratio, all other data being taken for P.A:-+- D.A., no-matter 
q what the number of blades. ae 
In addition may also be obtained the values 
— Basic Tevolittions of ‘the 
| (B) From this. same Basic ane a given in the Table, 
| should it be désired to design the propeller for Basic condi- 
| tions of resistance, and having given I.H.P. or $.H.P. and V, 
and assuming any one or several values of P.A: + D.A., the 
values D, P, ee and P.C. can be ‘obtained, as the value of 
P.C. for P.A. + D.A. or for the total Projected area ratio is 
fixed by the Table, white’ 
‘oor 
sare values before. 
5 
E.H.P. =1.H:P. X P.C. as before. 
Should the mechanical efficiency. be, or less than 


.92, say A, then’ the, actual. indicated. horsepower, required 


will not be LH.P., ‘but will be LLP. “while the EHLP. 


{4 


q 
i] 
| 
1 
| 7 
| 
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Should Thrust:Deduction-exist, the actual value of the In- 
dicated; Horsepower will; be that, ofthe shaft 
horsepower-, while that of remain 

The this latter case: will XS 
of S, and the revolutions will be 


following forms : 2 alt 


lag Thmist Deduction. actor: 
| total Indicated ted- Horsepower for 
gine mechanical ficieney difering ‘92. 


in 
tu 


* & © me 


* 


| 

-yoShould itibe desixed.,to.use the. value of I,H,P. as obtained 
above, the equation for diameter becomes 


| xv ‘where 


51 


the 
180, 


| 6 46 596} 15. 53}28. 
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¥ 


90 MB, Roand Ra are-found as before; 
addition ‘to 'I.H.P. or and Ts 


or*E.H.P. and V in (C) thete ‘may also be assumed? the value 


‘of D. In such cases the value of P.A. +- D.A. and the’ total 


value’ of projected ‘area ratio’ will to 


|.86| .3 |.66 | .6 | .65 


Table IX, Values of ~S) for Varyi 


+91/6.73 
4.48) 8 .25|6.98) 6.61 


Values fe Values 


the? power” values sought?) “I'he /dquations 


become either éstitoosd rot orf svods 


q 
q 
q 8.8.0 
i. 
pi ile 9S Bel tl. +61) 26, 71 
75 12,00) 2, 97| 4,025, 9, 
+? 20|6,61/8,18] 9.85/11. 79/14, 11/16, 30 
65 |2,05| 3.04| 4, 13/5. 36] 6, 98/26. 
|2,07|3,06| 4.2715, 42] 6, 7718, 13,08 14. 47/16, 76 
2 2.09 3.11 4.21 5.48 ‘6.665 124, 14, 16. 
q $31.6, 90: 10, 80 113.36] 24.62 
| 38/6, 65} 7, 06/8; 75120, 6312, 65/15, 15127. 5° 
| . 36 12.19] 3, 24/4. 4015, 7117. 1418, 86120, 9135, 32117, 81 
.9 11.37|2.01] 2.65] 3.2013.9 | 
.11.36| 2.04] 2.68] $.52| 3.95] 
|2.06] 22711 343615 .991.4167/ 5452 21 8.37 
«75 |1.42|2.09| 2.74 3-40 4,041 
3 
|1.4842.19| 2.87) 5.57| 4.24) 
5 1.5 2.21 2.6 01 3.61 4.27 8.0 5,7 6.50 7.77 9.02 
45 15 §2.23 2.95 4.32 5 16.76 6.58 7.65 9.13 
11.53|2.25| 2.97] 5.681 4.57] 5.13] 5.64|6.65|7.95| 9.24 
11.55|2.28| 3.00] 3.72 8.04/9.35| 
3.04] 3.77 — 8.15] 9.48} 
Tedle X. 
| 
| 
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LT. p + (1—S) for different (values, of DiAi 


given im able: 1X, while those for 2-4 for difiereut 
values of A. +D. D.A. are Br in Table 


OR Ge 
DITIONS OF DESIGN. 


1) of botlaqne 
co FOR | POWER R OTHER THAN 


ax 


the Basic Coniditions propeter be 
= Basic Indicated Horsepower, 
EH. = Basic Effective (tow rope), Horsepower, 
peller was Applied, oti? 03 nottone ‘or 10; 


1h 
Suppose; further tha ing behit 
‘given hull. Helivered - a 10 ¥ 


LHP. Actual. Indicated horsepower, to 
A= Actual percentage mechanical efficiency of 

bsol Thrust. deduction; factor; for, type: of hull, and 


| in’ propelling’ the vessel. 


=, Net effective, horsepowst Fequired for 


e.h.p. = Gross! eflective horsepoiver corvespondinig 
LH. Pax libabo ule A 


‘Bethy given 1-H. &h, Ral where — 
‘Hetimatéd’ Revolitions per ininute. 
e.h.p. -- E.H.P = Power percen correspotitti 
ehip. = EHLP. Xx (eh.p. 


BE 
< 
‘ 
4 4 
4 
ale 
* 
; 
3 


per the values of where. este. 3,000 
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= Power pereentage corresponding to Z from 
Table XII, LS 
eh. ‘for Which water must 
supplied to the propeller. 


“must never ‘be so ‘great’ that 5 E.T., where 


_ 33,000, 
_ 
requirement is to guard ‘against cavitation 
of the suction to the 
To guard against bre reaking down ¢ or dispersion of the thrust 


™ $01.33 
should never exceed certain: ‘values’ which valites correspond 
with the values of ‘ehp. ne in Table 
omy i O tert? IBAMITIIE 


In designing, the should if hie 


“such characteristi¢s ‘that the’ value of v+-'V for any load 


e.h,p.-+ E.H.P. will be greater 'thati the valtie of v-+ V*given 


CORRECTIVE, EQUATION, FOR, REVOLUTIONS, 

The revolutions to be expected with any power and speed 
with any hull, the’ propeller working’ under other than’ ‘basic 
conditions of ‘resistance, ‘canbe obtained as follows: 

hal | 1.H.P.aX VY 
Apparent slip under acttial conditions 
Where (LH, P.ajand are the power and Speed while 


LELP.; V the power; speed on 
basic conditions. J29TIOS 


This equation may also be shaft ,horse- 
Power or in terms of K and,Z, thus. 


‘LH = 
-P.a x x ISNT OCT 
S.H.P. x 10% X 


i 
| |- 

Table XI, for the same yalue of 
| 
q 
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but the latter form should only be used where there is no 
danger of cavitation or of dispersal of thrust columns. 

V"-and-o are written-as-Ay-and-Ay, and-Table XIII. gives. 
the walues of Log Ay in all.cases, and of, Log Ay in cases of 
vessels of Classes 1, 2; 3,4, 5, 6,7, 8 on 
these cases beitig those given under & god 


.65 | .68 068 «709 


5 |- .3135 1:10 |+-0432 1.7 #2400|2 .30_ +3767 | 
Corrective Power Factor where 


For vessels of Class 8 submerged and of class. 9, with sur- 


face and submerged, the values of Log Ay are given in Table 
XIV. : 


| | | 
| | | 
0075/-1.1715] .65/-.194611.25 |+.100911.85 +.2762 4 
| 1.2100] -2.0414]. .7_ |-.1613 
025 627 | + .073511.45. 
| | 
| j of |e .4144/1.0 0 1.6...| 4212612 .20 |+3566] .. 
| 


binode t93is! orld ind 
to, [pereqzib to 10 noitatives Jo 


+ — - 

7 


3 2 


bog A | 4.33 25] 4. 26] 4. 31) 4, 34/4. 36/4. 38 

i 

Log A | 4.42 4, 44 4, 46) 4. 47) 4, 48) 4. 49) 4, 50 |4,51 


ble XIII, AY for Vessels 


| 


at mavig 91g pA I6 tas 995) 


VIA 
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discussing this stibject, it it mist be divided int aig 


through ‘the design point without cavitation. As the speed 
however, the with it, but in 


HIST. 


‘OO 


1s of Clase 8 Submer. f Clase 


greater degree, unless the, vessel planes, until flow 


of water to the propeller to supply the thrust required omes’ 
greater than the combined atmospheric and hydraulic head.on 
the water can produce. The result # thatthe propeller, 
instead Of traveling’ smoothly along the suction column of the 
propeller; bégins to’ break the column apart, 


; 


‘the curves of Er) shown, in thei character 
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consuming additional power and: producing heavy vibrations. 
This Phenomenon is designated as “ or “ Cavita- 
tion of the Suction Column.” 
Suppose this same vessel be loaded 80 
that with constant power the speed will gradually be reduced. 
This reduction in speed will be accomplished without any re- 
duction in propulsive efficiency until a certain effective thrust 
be attained, after which any further reduction in. speed. will . 
be accompanied by a reduction in ‘propulsive efficiency. This 
phenomenon may be-designated-as-“ Cavitation or Dispersal 
of the Thrust Column,”.and is. accompanied. by loss in efficiency — 
and more or less ‘vibration, depending upon the amount of 
reduction of speeds below those to the i 
Both of these ‘conditions for: Cavitation” ‘are 


marked C, Curve of Critical Thrusts, | 
<The well) authenticated limits of safety. are the 
although values -of v- 
used. with probable safety, but to use. such values in designi 
usually produces low values of, P=+D and is therefore to-be 
avoided.- “The curve-A-gives thrusts 30 per cent lower than 
those of C, while Curve, B corresponds to thrusts 15 per-¢ent 
lower: than C. Curve D-at values of eh.p. +- up to, 
corresponds: to conditions of maximum- efficiency obtained b 
any vessels of which records are available, while the 
part of the curve from upward. give these. same 
or records at these high loads. ‘This “curve: “approxima 
closely to the curve corresponding to “ Powers varying as the 
cubes of the speeds.” Actual performance curves, how- 


DEL 


v4 V unity, is the point of Basic Condition of the propeller, 


| 
ie 
> 
q 
a 
‘ 
‘ 
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APPLICATION | OF 10 conprtio to 


“Suppose : a propeller | be of such proportions for the work it 
has to perform as to plot in its performance well above the 
curve of critical thrusts. As the speed i increases, the value of 
et. will increase, but so long’ as there is no abnormal 
increase in e.t.+-E.T. as compared with the increase in ¥v, 
the performance curve extended will still ‘plot i in the safety 
zone until the approximate value e.t.—-E.T.=1.15 is 
reached. After passing this value, ‘the combined hydraulic 
and) atmospheric heads -producing ‘hydraulic’ flow to’ the pro- 
peller becomes insufficient and the propeller commences to cut — 
across the water forming the suction supply column, cutting 
this column off in thin layers, so that thereare a’ succession of 
these thin layers following each other through the length of 
the propeller. This discontinuity of the ‘water supply pro- 
duces the. phenomenon commonly spoken of as “ Cavitation.” 
It produces a loss in power, gradually increasing .in amount 
as the value of e.t. +- E.T., increases above 1.15, and vibrasion 
occurs increasing as the value E.T. increases... 

Cavitation will have the, following effects upon of 
power. where, effective power is given, upon estimate of effec- 
tive power where indicated or, shaft, is, 
upon the, equation, for apparent, slip... 
~ ofa), \e.h.p. Given to Find I.H.P. 

Suppose-e:h.p? ++ E.H.P. = ‘1.02, and! Vo= 
K== 11. The values! of ehip. E.H. 
and: i ie fo oft od Hive t9isere 
for eh.p. ++ E.H.P. (Table XIT). 

Log (without | I. HEP.) Log’ 

LHP (with cavitation)— 

H. Ba. Given to ehp pny known value, 
EH, P. Callin the corrective Power 

‘at the intersection 


i 
‘ 
* 
. 
‘ 
‘ 


of the value with the Critical ‘Thrust ‘Curve’Z,, and Z 
the value for the actual value thee. h. H.P. delivered; 

= — Log | M, and will have the value that ‘satisfies 
this équation and the equation for Log I, H. as given below. 


Jo, Find Revolutions, either eh, being 


where: the: value to that value of 
eh.p. + E.H.P. where +. V crosses the curve of Critical 


Thrusts, and where Z tor ‘the actual’ value of > bei ing 


dctivered in expres by + Log M, Ho 


Perel hi fet 13 mindy seat 


Water in passing throtigh’ propellér ‘has its” ‘direction’ 
flow gradually changed’ from the diréction with which it origi- 
fially enters the propeller at the leading edges ‘of the propeller 
blades, until on leaving the propeller it passes off in the direc- 
tion of the genetatrices’ of ‘an infinite ‘number of fight hyper 
boloids ‘of ‘revolution’ ‘the’ outer Ti fimiting’ one having’ for’ its’ 
base the propellét disc,” efficiency of propulsion’ tealized, 
will, among other causes; ldepéhd’ upon ‘the’ distance’ ‘of the 
minimum diameter\of this, limiting» 
peller-and upon the area) of this minimum cross. section; the. 
more nearly the limiting: hyperboloid approaches to a cylinder, 
the greater will be the efficiency of propulsion.; As:the} re- 
sistance of .ship’ jis: jimcreased | by .excessive, loading, foul 
bottom or head winds and seas, the.slower, will be, the. s speed 
realized for any given power.and.the closer, to the:propeller 

and the smaller in area will become ,the. minimum, belt, area, of 
the .thrust -hyperboloid. The, efficiency of propulsion will 
remain practically constant quite a large 1 Tange, of 
until the becomes that the’ thrysts for ‘any 


give given speed and eff Biol the pro 


7 
ql 
q 
4 
a 
| 
q 
q 
: 
; 
a 
Y 
4 


* 


the Curve of Critical Thrusts, E.T. dectedge in 
speed will be accompanied by a decrease’ itt efficiency-exactly 
as in Condition 1, and the same corrective formulas ‘as: given 


in the preceding section will. apply. 

GENERAL, TORMELAS, FOR CORRECTION OF WER FOR 

“ AND DISPERSAL OF THE THRUS COLUMN.” 
BP nollot to 92 74 


= Load: Factor to. point 0 on Critical 


= Bower, Exponen nent corresponding to 


Power. Exponent. corresponding to 


and Z;' regarded as positive. to 
Hoc: at. er Sr cs 


49) bas stern 


4 
ad Hirer claichy 


Log LHLPs = Log LLY. + Log K + 2Z—Z,. 


flo. to. vir) i 

“Leg Lop LI ip sid qallegort 
got in to == 

ni. fo = 41 (2) 


to sbigine talleq 
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Log M=Z,—Z. 


ANALYSIS AND DESIGN OF PROPELLERS. 


By use of the following formulas it is possible,. tek 
given the characteristics of a propeller, including form of pro- 
jected area, and the general characteristics of the hull behind 
which the propeller is to work, including the curve of - 


to reduce the’ propeller to standard condi- 


tions and. to make a very close estimate of the power and 
revolutions. for any given speed’ tinder the ‘conditions of re- 
sistance represented by the curve of e.h.p. 

Conversely, having the general charattetistics of a hull and 
the curve of e.h.p. — Speed, either from model. tank trials 
or estimated, it is possible to design the propeller and esti- 
mate the power and revolutions for any required speeds, or 


having a fixed power and revolutions, to estimate og! speed 
which will be obtained. 


FORMS FOR ANALYSIS OF 


Form 1. Curve of effective (tow-rope) horsepower avail 
able. 
Propeller blades of Standard Projected, vey Ratio Form 
(1) D= Diameter of Propeller, i in feet... é 
(2) P= Pitch of Propeller, in feet. 
(3) P.A. +D.A. = Total Projected Area Ratio, of os 
peller outside of .2 D circle. ‘shy 
(4) = Basic Projected Area Ratio = 
(P.A. + D.A.) for 4-bladed propeller == = 
+- D.A.) for 2-bladed propeller... 
(5) T.S. = Basic Tip Speed of Propeller, in feet, pa 
for P.A. + D.A, (Table VIII) 
(6) PXR=(TS RP) pe bibl 
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Pa 
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A 
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= Slip Block coefficient-of hull-of vessel to which. 
ov propeller is applied; derived: from: for type 
of hull and relative position. of propeller.’ 
( = Apparent Basic Slip; bel Table 


(10) I. Basic Indicated Thrust, in per square 
inch of disc area, including the hub. 
‘Table VIN, for P:A. 
(11) LHP. = (D? X LT, XP C= Bie 
dicated Horsepower, rf 
389 — for 2-bladed 
where Cc =f 291.8 — for: 3-bladed’ propellers. 
252.4 — for 4-bladed propellers. 
(12) P.C. = Basic: Propulsive Coefficient for P.Ac+> D.A. 
(13) E.H.Pi P.C. = Basic Effective 
rope) ‘Horsepower delivered the propeller. 
(14) S.H.P.=LH.P. x 92 = Basic Shaft Horsepower 
livered to the propeller, 


TO FIND POWER , FOR, ANY DESIRED EFFECTIVE 
POWER. 


ech-p. = Total net: effective . (two-rope) horsepower to 
be delivered by one propeller 

chip. + E.H.P; = Load : factor.» 


NOt 
Powét cottettive factor for (Table 


Indicated or Shaft horsepower to detiver e.h.p. 


BF 


4 
= 
» 
bal 
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(20), K ==. Thrust~Deduction: factor for SiB.C. as ‘explained 
10) under: sectionon Thrust Deduction andorelative posi- 
tion of propeller. bas Yo 

= Gross Indicated: or Shaft required to 


(22) pc. =ehp.--LH.Pa = Final popu coefficient. 


(23) Log Ay Speed Factor for: (Table XIII). 

(24). Log Ay, == Speed Factor for 
(25) s=S LH.P.« xX Av 

no exists, 


for 


Power { \ o} bsetevit 


) “VARIATIONS avi oT 


(a) Engine to be designed for a given power to find estimated 
speed and revolutions’at‘that speed/"/ (GF) 
(15) or: S:H.P.a == Gross designed: 
gine (or-on one shaft)i() 960 od 
= Thrust Deduction| factor for. 8. B. and relative 
{position of propeller, 
ap S.HLP.'p = (LH.Psa or ) HK 
Net Power of Engine {9r,on, 
producing propulsive thrust. 


(19) (ehp. + 


: 
of : 
: 
. 
* 
| 
a 
a 
4 ‘ 
| 
a 
4 
4 
a 
} 
2 
BA 
8 
ae 
q 1.0414 


~ 


(20): Pox + Ps) ‘Net effective 
tow+rope) -horsépower. delivered ‘by one propeller, 
121)! Number of of) to 
(22) N X eh.p. = Total effective horsepowet' deliveredi: 
(23)0 vs Speed corresponding:to from! curve of 
effective tow-rope horsepower 
or S. H.P.a and 1.H.P. or $.H.P. and Logs 
Ay, log Av (the latter for the v of (23) \, find $ and Ra as- 
mated’ given value, but no ‘effective horsepower for::this 
speed given.) To find effective horsepower: which: will ‘be de- 
livered) at 'this speed 'and ‘the corresponding revolutions: 
(16) Deduction father for’S. B.C: and aii 
propeller: b ofp gots botosjorg 
(20) ehp. = (ehp EHP.) = Net Effective 
(tow-rope) hibesouee delivered by one propeller. 
des Given ‘designed 'speed. 
It is evident that the: s-arid |Ra»-will depend, en- 
‘tirely “upon’'the ‘correctness! of thes estimates, of spower; slip 
‘coefficient "and speed: ‘oShoild the; power ¢stimate; be 
‘tod low’ for the speed, the ‘revolutions and spéed: obtained, with 
‘the designed power of 'the-engine will, be/lower, than; the..de- 
‘signed’ révolutions and ‘thesestimated: speed the ship, and 
vice' versa.’ Should the ' slip block coefficient ‘used too 
the estimated revolutions will-be too AG 
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above forms aréithose to:be used where blades: are ‘of 
standard Form of Projected Area Ratio'and where: no cavita- 
tion of the suction’ column»to: nor thrust 

It will:now be ‘necessary, to give the: of ithe 
Standard referred aqot-wot svitostio, 


STANDARD FORMS OF PROJECTED: AREA RAMOS. 

The projected area forms of all propellers, no cman of 
‘what contour, may, be swung around in‘ circular:arcs until the 
areas are symmetrically arranged ‘on each: side of, a:center line 
drawn perpendicular tothe axis;of the propeller shaft, and 
the original area: of ‘the projection’ and. its radial distribution 
of surface will be. retained,,.If a form of blade of; constant 
percentage radial distribution of projected, surface.is adopted, 
no matter what percentage, of, the, disc area, represents. the 
projected area, the relative distribution of projected surface 
will be a constant and therefore one of | the most , frequent 
variables, met with in propeller design, a variable ‘which seri- 
ously affects efficiency and Feyolutions, will be eliminated. 
.To eliminate another variable to. as great an ‘extent, as 
sible, the blade. sections on the circular arcs ‘through the pro- 
jections. have also. been made’ ‘of as as 
| STANDARD, PROJECTED AREA FORMS. 


Ot) 


The | Standard Projected Area Ratio’ Bere adopted, is that 


‘used for'a ‘large nurhiber of: propellers in, the United. States 


Navy, whose records of performances averaged very high. - 
getieral, exceeded ‘those given: by,any other forms. _; 
"These characteristics are forth: in the. following table, 


with apropellér tadius‘of unity, the,chords; -of the ares 


‘between the middle line of the projected,area and. either lead- 
ing following edge of the projection at each ofthe values .2, 
ete., of ithe radius are given! for each value of Pro- 
jected “Area ‘Ratio of 3-bladed + 
D.A. = .15 to P.A. DiA. botsrmites 


| 
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For a 4-bladed propeller the standard form correspond- 


ing to the total projected area ratio will be that for three- 
fourths of that ratio,,while-forac2-bladed propeller it would 


be that correspon three-halis “ob t the: tal projected 


In laying projected to any desired 


projected area, ratio it must “be borne in‘mind that all pro- 


jected area ratios % ‘ate: “outside “of. the: circle, and any 
variation from, this 4 in the. actual ‘plade.’ variation of 
hub diameter may. be neglected, tag'may' also any slight widen- 
ing of the blade inside ‘of R cixele which may be made 
in order to Feducethe thickness. the blade near the hub by 


The lengths of the chords of the half arcs for any Siscaiee 


propeller, Des diameter, equal length ‘of chord as given 


in the Table edcht of. the radius the particular 


chord of the: are. at willbe. 
The greatest cireular: width: of the 


495. 


eT 


ECTIONS 


The is that Shaving the driving 
face a true fecal genera ede by : the: of the 


pitch surface of the propeller; er whlicthe of ithe propeller 


is formed by a “the -edges~of the bladés being 


made as shatpias p sible yet being thickened sufficiently, 


The approximate Tatio of to ath f developed 
circular arc at 2R-from the center_of the hab for blades of 
manganese bronze of 60,000 pounds.tensile strength should 
be approximately according to the following Table: 


| 

| 

| | 

Thus, suppose the diatneter of “the ‘propeller to be 10 feet 

ength of the 

| rea form of 
1 
| 4 
| 
i | 

| 

q 
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Table XVII. Projected Area and Cor- 
responding Developed Area Ratios 
for Different Values of Pitch 
Divided by Diameter. / 


VARIATIONS OF PROJECTED AREA ‘WORMS FROM STANDARD. 


Blade forms of projééted area may- vary in three different 
manners from the Standard Forms, as follows: : 
1. Projected area form widening gradifally as the radius 


increases. Circumferéntial bounding edge circular with cor- 


ners rounded. Will be known as Fan-S haped Blades. 


Projected area form, having greatest, half. ar c chord, at 
greater than..7R from the center of the hub... Will be known 
as Broad-Tipped, Blades. ...; -yisepls 


Jess than,.7R fromthe center of the-hub. Will be known, as 
Narrow-Tipped Blades.. 


a ‘Table XVI. Table of Blade Thicknesses. 
|. 334]. 4221. 444] . 465 
|. 445), 473/', 500 |. 5281. 565.583) .610 
45|. .527|.557 |. 587.617), 647| .678 
580 615 648 680 e713 745 
55 |. 600]. 634/, 669 708 2738}. 772] .807 
‘ | .6 |, 650|.686|, 733]. 758). 794). 830) .866 
65}. 700]. 738| .927 
® «95 : 
Blades | | 
: rojecte area orm aVving grea es a arc , Chor 


1 
lL VE. 


to eidsT 


ars 
‘ 
foutid’ by’ vatious’ diameters and’ laying down ‘the 
: _ projected area forms for those Values of projected area ratios 
i which will coincide closely with the actual’ réctified ‘form of 


projécted area for’ thé ‘greater fart'bf the'blade’and Whose . | 
area outside the ‘tip ‘of the’ actual blade, shown wif 


hit 


i 
actiial prope! D fo “Basic -propelier 
The~ Basic-propellér_of diameter mus 
if of MV: te 


equal: the hatched area:of the actual blade: Cases 2’and 3, 
the (greatest) length! of chdtd! of the: half) ares through’ pro- 
jected area should: be ascertained. ‘actual iraditts' from 


A 


i 
4 
i form of projected 
lop of (3)" 


= 
to = 


coil 


the center of the hub to this asc, multiplied by:twocand divided 
by .7, will give the diameter of the Basic propeller. Dividing 
the terigth the chord ‘by: the 6f the” Basie’ propeller 
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will give the standard length of chord at for unity(radius, 
and. the. corresponding value of \P.A: D.A., for the:Basic 
8-bladed propeller can then be picked-out or interpellated from 
Table XV. Slight departures of the standard form from 
‘the actual form between the IR and the hub, as shown by 
8, may be neglected. 
ANALYSIS OF NON-STANDARD PROJECTED “AREA FORM PROPEL- 
LERS, FAN-SHAPED BLADES: 


Let eh.p. = = Hifective (tow-fope) horsepower of the 
corresponding to e.h.p. 
S.H.P.a, of Tequired to wleliver e.h.p. with 


Propeller. 
S.H.Pig or! Actual power required by ‘Actual Pro- 
pellér to deliver e.h.p. 


of Basic Propeller corre- 


and v. 


Ra = Revolutions of Actual Propeller corre- 


sponding to I-H.P.«or S.H.P.a, e.h.p. 
andz ~~ 


Dm Diameter of Basic Propeller. 
D = Diameter of Actual Propeller. 


Then 


alls the. propulsive coefficients will vary as the 


| | 
; 
i : 
a oF S.H.Pa) x A 
SHEP . OF S.H.P.) X Ay 
‘ 
D 
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“Let the diameter of the cifcular are of greatest projected 
area length = D,, 
D = Diageter of Actual Propeller. 


2% 
‘ = Diameter ‘of. Basic Propeller = =D,+.7, 
eh.p., = Bifective horsepower delivered by Basi 
Ptopelier. Ra ah 


effective \to,, be\.delivered b 

SP; = Power! of (Basic Propeller 

Ss. aor Actual Power’ of: ‘Actual Propeiet 

deliver evh,p. at speed 


Re Revolutions of Basic Propeller “with 

$.HLP.a; of LH.P.a,-at speed 


: 


| 
| 
values ‘of or. S.H.Pa), and 
bed 
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Should «the: Basic Results. plot in’ the: “eavitating: ‘area of 
Fig. ths for effective power, de- 


Sit} TO' 


Mak 
“TEL. 
TAAL 
PUTA AALLLY, 
7 
‘LL 4 
"4 ACH 
2 
id 
: 
a 
a livered must be pee ta! ‘the Basic Propeller estimates and 
the values for the actual propeller obtained from 
a these corrected Basic values) 


H 
: 


“a ‘To Ii lighten, the Toad o on a given, 
delays, vitation and versa, 


fo, increase the projected. area, ratio, of: a propeller, 


and diameter _Femaining constant, produces a delay in 
cavitation and in ‘dispersal of the thrust column and vice versa. 


(3) To increase. the’ pitch! of! a ‘given: tends to 
dite cavitation vice vers = 
To decrease t he diameter of a ‘given, the 


necessary. for decreases | ‘the 
peed and net effective thrust:at whieh, cavitation ‘will occur 


<(6) Whiefe the hdl of a vessel is'6f such tnderiwater fotm 


| i to produce @ heavy wake, 1 the speeds at which cavitation 
and dispersal of the thrust Coliunin will be than 


£ Ho wake ‘existed, on accoant of the. wake: 
“Where tip ole ce exists 
peller, “hilt: int effective ‘Horsepower. and 
speed of vessel rare:accompanied pa gradual i increase in the 
thrust deduction, which att sncreage oducts 


of water past the Sections with no 


teridénéy to “forth eddies,’ but: where: the sections! ate sabnor- 


mally thick as compared with their ‘wi idth, thie Sbnorihal thick- 
ness -produces actual pitch considerably, greatér, than’ the 


normal pitch and :cavitation-is expedited, ye bo 
in Where:blade sections.are very thick, as.compared with 
theiriwidth:and where’ the, entering, and, leaving;edges,are.of 


such: formas produce |eddying ofthe water flowing; past 
the sections at the higher speeds, the thrust per revolution; will 


beiineréased due tothe -higher actual, pitch. produced, by, the 
thickness:of the''sections,and ithe power required) per revolu; 


‘ 
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tion . will, increase, in. greater,,proportion, than the effective 
thrusts. As the blade speeds increase eddies begin to form, 


and this ‘formation of’ eddies is accompanied by a still further 


exaggeration of power and all of the phenomena of cavitation, 
and this will’ occlit at lower thrusts and speeds than ih 


be case were ‘the sections normally fine. 


‘Lani of Load Factors imposed by the SBC. of ‘the 


vessel and by the speed, as applied to all cottons of design 
are given in Table XVIII.” 
6 © e $ 3 Fe 
4 
2|.008 | 31.008) 21,006] 2|.008, 
4 e 22 e e 
16 |.0aa| 4|.01 | | 
20 8|.022/ 4/.018] 4|.03 | 4|.046 
(28 |.34 | | 8|.336 
30,5. 306 [28|.765| 9|.16 | 91.27 | 9|.48 
33|.60 | 665/80}. 685 |20 217/20). 38 
34 a3 22 32 1,36 11 205 11 e a2 
36/1.12/ 30 26/2.07 12/1.15 
4011.6 34/1.7 | 4244-635 1,06 14/1.7 


eee XVIII. Limiting Values of 


littiit’ values “are: only approximate: ex: 
ceeded by about twenty-five per cetit:'“The°speed ‘used ‘should 
be ‘the ‘speed’ expected under conditions of maximum ‘hull 
resistance. "The ‘propeller obtained ‘will “be the approximate 


should ‘never ‘be less than»those correspond: 


j 

| 

| 
| 

i | 

| 

| 
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| 
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init the Gritical Thrusts, (Fig. 4): for this load decor: 
In’ cases where it-‘may be. absolutely necessary to use lower 
values of v-+-Vj the augment of thrust deduction (M) must 
be brought into the computations as the gen-— 


a 


These may be classed under two general bens namely: 


(1) Problems of sufficient data. 
(2) Probfents ‘of insufficient data. 


: Under the first head are grouped all problems i in which full . 
~ hull data and curve of e.h.p.— Speed are given. Designed: 
- power of engines and ‘revolutions: desired at this power may 
also be supplied or it may be desired to obtain an estimate of 
power with the best revolutions for any given speed. Such 
problems are those which a shipbuilder should recommend to 
his customer if he has the best interests of the customer at 
heart. 
‘Under the head are, all in which 
-hull data, more or less full, is-generally supplied, but in which 
-_ no curve of e.h.p.+~ speed is available. ‘The designed power of* 
_ the engines and their revolutions, at this power are given to- 
gether with the speed which it is expected to obtain with this 
power: ‘Problemis under this head are very unsatisfactory, as 
- should ‘the éstimate ‘of speed be wrong the revolutions actu- 


= ally obtained may vary widely from those desired, increasing Ss 


should the speed ‘be greater than ‘the estimated, and decreas- 
ing should it be less, while should the actual speed. be much 
_ Tess than the estimate, the danger zone below the curve of 
Critical Thrusts, Fig. 4, may bé entered and”a 


FoRMS FOR DESIGN COMPUTATIONS. (SrANDARD “BLADES). 


(1) Speed, effective horsepower: limiting maximum diame- 
given, to find) Projected Area’ Ratio, ‘indicated or shaft 


‘ * 
a 
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horsepower, diameter, pitch, and effi- 
ciency ; percentage variation of loading of vessel? = ise: 


(2) eh.p. E.H,P Max, allowed for 


XVIII). 
(4) E.H. Constant, 
(knots) Constant designed speed. 


Vine Constant. 


CXEHDP.. 
DXV 


ET. 


==) 2.88 for g-bladed screws. 


A384 for 2-bladed screws, iis 


(9). P.A. +D. A. (Basic and 3 blades, Total Proj. Atea Ratio). 


+ blades; Proj. Area Ratio)... 
P.A. +.D.A. (a blades, Total Proj... 


“(ay BC, ser (Table vat. 


(t5) S.B.C. from, equation for §.B.C. = Constant, 
(16) for (9): and. (15) (Table IID. 


i 
~ 
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LHP, XK. 99 ‘enols To} 


‘ong 


the Curve of Critical ‘Thrusts (Figs 


fade 


6 2fto 


“ESTIMATE oF, REVOLUTIONS, 


Log Ay for V (Table ib 0 


dant 


forv.(Table XI. of, XIV). 


habsol edt. St 203 bsitsinit 


vx 101.33 | 9289 els OF BO! rd 


"Should the evolutions obtained with the maximum di jame- 


ter be higher than, those considered desirable for the type. of 
propelling, engines to be fitted, the calculations should, be con- 
tinued, using. the maximum diameter. with decreasing values 
of v+'V and ‘ehp.+ EH. P., but retaining the value of 
e.t. corresponding to the plotted point of first cal- 


4 
tO 
. 
\ 
‘ 
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calculation with maximum diameter. daa on Fig 4, at 
eh.p. +- E.H.P. = 8, V =.67. The value of ¢.t. E.T. 
as shown by the diagonal line through’ this: point. is .45.; In 
the new calculations this value is kept constant, and points 
culation as taken from Fig. 4.,, Thus, + ‘suppose: the (original 
along the diagonal line are used Should the curve of Critical 
Thrusts be reached and the revolutions’ still’ be’ too ‘high, 
then follow along this curve., with decreasing , values of 
e.h.p.-+-E.H.P. for further calculations, but the change in 
revolutions along, 'this.. curve ‘Will | beismall..; Should the pro- 
peller finally obtained fall ‘on the curve of Critical Thrusts, 
it will be in a precarious position, 'as ‘any increase in resistance 
_ for a given speed will produce a Seprpeponding decrease in 

(2) Indicated or Shaft Horsepower of and de- 
signed revolutions given, also (a). effective ‘horsepower. curve 
(sufficient data), or (b) estimated speed Viribufficient data), 
together with hull characteristics, locatiqn of Propellers . and 
maximum diameter of propeller that can be carried. 

Let it be supposed in this case that the revolutions are low 
and the power comparatively high, which will necessitate the 
use of the maximum diameter of propeller possible, Further, 
let it be supposed that the vessel is one subject to heavy varia- 
tions in load, as in a Collier or freight’steamer: Callthe speed 
estimated for the light condition v and that for the loaded 
condition v.. Should the propeller be designed for v\° the 
- revolutions would ‘be seriously lowered when speed is reduced. 
by loading to v», also, in the case of reduction’ gear Ships, the 
tooth pressures in the gears would be) unduly increased. 


bas 10 


at ‘the 2, ay to rs a 


; 
ould the propeller De designed tor v2, the revolutions, wi ae 
yinduly increase in the light condition and the engines or tur- 
| 


PROPULSIVE ‘COEFFICIENT AND HORSEPOWER. 


of Propeller that ca can, be -cartigd, 
(2) v, = Est. Min. Speed 


(3) = Safe load S.B. 10 


(5) K= Thrust Factor. 


(6) = i P. -K= Propulsive Horsepower. 
Power Pastor for eh. p. (Table XII). 


(9); ¥.= That value cortesponding to coe 
of Critical Thrusts (Fig. 


(10) V= (Uy ‘V) = Basic Speed: TAD 


Where C = for 3-bladed screws. 


to 


(12) P.A. + D.A. = Proj. Area Ratio for 3 blades and for 
(x 3) 7/, P.A. + D. A= = Proj. Aves Ratio for 2 blades (Table 
= By ‘Oj. Area ‘Ratio for 4 blades: (Table 


| VIII (14), depending, upon: number of, blades. 


(16) =1.H.P. x P.C. = Basic Effective Hotsepower. 


. 

‘ 
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livered by LH.P.a or S.H.P.a. 
(18) from effective horsepower curve, 


(19) v= Speed for e-h.p. from 10 power 
or estimated, Condition, gol = 


(20) v = = Mean speed to, use; in, estimating tevo- 


(2x) T. Tip speed or (x2) (able VI). 


(22) 1—S=1 — Basic Apparent Slip for S. BC. and (12) 


(Table vil) 


(a3) P=! = Pitch of Propeller in feet. 


CALCULATIONS FOR REVOLUTIONS, 
(24) Log Ay for V, (Table XI). 44%) 


(25) Log Ay for 2, (Table 3 oF XIV, upon 


Should ‘the entalions obtained be too great, at any value 
of, e-h.p. P. on the. Critical Thrust, Curye.of, Fig. 4, 
it will be necessary to resort to one.of the methods of Reduced 
Diameter, namely to design either for Fan-Shaped blades or 
for Broad-Tipped blades, using the ‘fitst where the reduction 
fn fevolutions is ‘cdrisiderablé, ‘and the second where ‘this ré- 


(a) 
3 
| 
: (6) | 
| 
| (10): 
1 
: (18) 
| (20) 
(22) 
(25) 
(26) 
8) 
29) 
; (32 
(33 
(34 
| (35) 


eh 


ne c= 


aI 
| 


ae 


(26) + 


(28) P.C. 


(35) 


The forms for such computations vare“as follows: 


Fan-Ghaped Blades. 


Given... & e.h.p: Ra & vik § 
(1) D= = Diam. "Makes, | Constant Constant |” 
Di BOL (Of) 
(12) e.b.p.i+ E.H.P. (as safe] and] y Table XVIII). 


(16) 


cos 


(2) 


P.A.+D.A, for ( 


ble -X) 


(27) ¢ PALS ‘A 


H.P. X (28) .. 


(32 


27) four-bladed screws.. 


E.H. 


Cc 


-H.P. 


0. 


1-2-3 


Table‘ for all 


I-2- 


Ris. 


33 


Arolisq 


2 
* 
I-2-3 


Diz x V 

| 


ype that ‘the ‘clearance’‘between’ ‘blade tips and hull’has a 
governing effect on K, the value of K used should be that _ 
corresponding to the tip clearance of the Basic propeller or 


1-2-3 
(39) Log Ay for (2 (20) (able 
Cap’ 


diameter D, and not the aetual tip clearance. Reduced Diame- — 


“ter ‘propellers enter and leave cavitation with the Basic pro= © 


pellers from which they are derived... The ratio of D to D, 
ay be carried to as BY as .80' “with practical safety. 
USED ‘CONSTRUCTION OF 


~ Blades: 1, Cast iron: Advantages: 


obstruction. 


hess. 


Heavy in salt water, heavy blade 4 (8 


sections, blunt edges of blades. | 
2. Advantages: Stronger than cast iron, cheap 


"Disadvantages: Liability to carry rendering it it 


unreliable; corrosion in sea water. 


\Cast-steel: Stronger than 1 or 2. 


Cheapness, 


| 

; 
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Disadvantages': Liability! of ‘hiddeti ‘awe, 


castings, corrosion in sea water. 4.54 


4. Forged-steel: and more reliable 


Disadvantages : of, fabrication, i in sea 


water. 


5. Manganese and other Strong Bronges: “Advantages: 
Great strength, low, ratio of thickness to width, fine sections, 


thin edges, high polish of surfaces, easily. cast, Bepeticaly free 
from corrosion. 

Disadvantages: High first ,cost, liability, to. ‘corre; 
sion of adjacent parts of, hull unless zine plate. PERT. are 
fitted to the latter. scotty - ? 

6. Monel Metal: Advantages : ‘Great strength | ‘and ‘tough. 
ness, light and sharp blade sections, high polish. and non- 
corrosive in sea Water. 


‘Disadvantages: High first ;eostwdifficult to machine, wa 
heavily in cooling in the mold; thus-necessitating- large amoun 
of waste tietal in: fough casting in ofder to: insure hi 
to desighéd'piteli; tendency to poropity around edges: of blades, 
liability to produce corrosion of adjacent parts of the 
unless zine protector. plates ate fitted to the latte 
“The Hub: Hubs are of cast-iron. or semi- 
teelfor cast-iron, semi-steeband cast-steebbuilt-up propellers; 
of) Séhi-steel forthe cheaper lagses Of Work, and 6f.man- 
bronze better With: manganese br 


pilt-up propellers; of manganese! bronze-or for 


| 
Beals gt and pent 
t0_ fill lets, being “fieglected. 
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$04 SCREW PROPELLERS: 


W == Width of blade tangent to hubjin’ inches, 

A = (33,000 LH.P.g ) 25:42 Roi Number-of 

gidgtist blades == 5,252 LH.P..g (RX 
==.31 Diameter of Screw in feet = .31D. 


= adios. of hub, in inches. 


G= 345 Diameter of pro ler in inches. 


‘of hub, in inches. 
MOIZOTIO 
M = Cosine whose tangent is K. 
OM Sbsid bas 22on 
oF ‘VALUES OF F 
Constant Torque 
2 ‘Bronse |Steel| Bronse 


or eren e 


£ 

58 | 10780 |10a80| e900 | 8400) | 

1.0 | 18600 10000 | 9600} | 
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SOREW! PROPELLERS.” 805° 
P =N+0, | 
f =fiber stress as per, Shp HP. given in 
T= 


and 228,860 43500" for Wales 

of éfip: not in eved,d spear 


102 of) MIKE? hartiside 
W == Weight of blade;:in pounds}: 

Distarice:of) venter:of gravity of blade ‘from center af: 
vi center of gravity of blade, in: feet ‘per second): 
Herel an “and the, tension.on, the bolts 


being the _ageelerating force and; called, usyally, the..cen- 
When’ propeller ‘is’ int “métion,/ with’ the advancing, 
running.at R reyplutions per minute, 
detémniitie the! bendifig moment atany distanced} from 
thé’ ‘resisted ‘by ‘the’ section at ithe: toot 


betiding mottient in! aiplane at right atigies'tb thelaxis 
of the screw-at this distance 
noteanoeth 2 al far Wed’! . 
Bat ( doi oo Hot 
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DYNAMIC BALANCING. 
By CoMMANDER F. J. Creary, U. S. Ny Me 
| 
the JournaL of tHE A,/S. N..E. with very great, interest.) 
Since. _ Writing my original. article, which appeared. in, the 
February issue, I have had the op pportunity. of, testing, under 
steam rotors that were first statica ly balanced only and then 
balanced dynamically by my method, and from the actual re- 
sults obtained I know that the running conditions were 
greatly improved by such dynamic balance: I consider my 
method:a satisfactory 'method:.. There: are probably | other 
methods as satisfactory as, or more satisfactory than, mine. 
If my work in this line arouses interest, as: I-believe ‘it-has, 
ahd through such: interest: other. and) better. methods, of. bal- 
ancing , are developed, resulting in improved , propelling ma- 
chinery for the’ naval’ service and the merchant marine, I shall 
be quite content. 
thoroughly with’ the! principles Car 
wen Dynamic Balancing Machirie (Akimoff Patents),;manu-_ 
factured by The Carlson-Wenstrom,;Company,...Philadelphia, 
Pa. The manufacturers claim that they can obtain in minutes 
a better’ dynamie balance’ tani be ‘obtained in hours by 
other methods. | If the quick results claimed are. realized, in 
actual practice, this machine ‘would be finquestionably an. im- 
provement over the machine developed by me. _ The San 
Francisco Union Plant of the Bethlehem Shipbuilding Cor 
poration have under. purchase, balancing,.machine the 
There are’a)number-of points in Mr. Akimoff’s discussion 
of my‘article on which I wish to comment. ‘The quotations 
are from Mr. Akimoff’s. article in the May number. of the — 
A. S. N. E. 


. 
7 
. 
* 
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Mr. Aximor#.— The extract from the Generali Specifica- 


the: Navy can only;dead to confusion ‘because,’ 


in the’ first, place, no: perfect: static: balance canbe obtained 
om knife edges; and, second, because the operation ‘under 
steam in:its ‘own casing may exhibit vibrations due#to either 
statie:or :to: purely:dynamic unbalaice .or to the! mixture: of 
the two; so that apparently suggesting a method» of ‘testing, 
this: paragraph »is absolutely ‘misleading: “The ‘correct’ 
would'be:to:say:- ‘Great care; will be taken: to ingure the rotor 
being balanced statically, the tolerance'of the static unbal- 
ance being not over) inchsounce then ‘to’ balance’ the 
rotor::dynamically; the: tolerance»of» dynamic unbalance: not 
exceeding) 0.0 inch + ounce inches.’ 
As stated, the knife edge method: is ‘only an approximation. - 
Consequently any static balance obtained by this methodcan- 
not ibe perfect. method: of testing,” this paragraph ‘in 
the Genetal Specifications’ is: believed :to-be: entirely ‘satisfac~ 
tory, the rotor:is: run :understeam in its own» casing 
at a-speed:up to 25 per cent greater'than the full-power speed 


‘without showing any. apparent vibration, and a: post: trial 


amination shows no: signs of rubbing, no loose blades, dummy 
packing, :gland, strips,’ then it’ is absolutely:certain that - 
the -unit will operate: satisfactorily::under: service: conditions: 

as far material is: concerned:::; Mr. -Akimoff’s: statement 
that standardized tolerances should: be established: for both 


. Should be embodied in the’ Bureau’s specifications :for: all: ro-| 


Mr, Aximorr.—‘ What is meant, probably, is the fact that. 
all mechanical energy for must come from 
within-the oscillating system:” - 
ling is arrangement one could 
‘The statement»in- my: original article /‘That-the rotor 
must: be so mounted ‘that: it cam be rotated: by an ‘external ap~ 


plied force, but’ at the same time must be ‘Absolutely’ free from 


| 
Static and. dynamic anbalance is: excellent and, in-my) opinion, 


any \festfaint:or imptlse from that external force?” / By! the 
use of» this flexible coupling results were’ obtained: ini which 
dynamic, unbalance was’ eliminated\ to, within megligible:!tol: 

is not the existing' vibration that shoul 
be 10. sothéreris novinformation; thatican) be 
gaitied thereby?! tert edt | 

‘The vibration magnified for: the! same ‘reason ‘that! a 
magnifying: glass or-a :mictdscope ‘is used}—to :make> the 

(Vi On pages? dynamic balance‘is defined>as 

‘a eonditioniin which the! centers::of1 gravity! of: allelements 

lie on the axis of rotation: That this!definition is wrotig:can 

instantly be seen by tefererice'to:a body stich! asia six-cylinder 
 Quitetrue; but my description dealt ‘with the rotors, | 
tion -gears: and: propellers: of the ‘Shaw, andthe! definitions 
were:narrowed to the:scope of theapparatus being idestribed: 

Mr. based: upon the marking: of 
‘high:spots’.are absolutely. worthless; they ‘are ‘all based upon’ 
the! of phase difference ;:now: this! angle 
depends: ‘upon: the \spéed;'@; and! therefore: doés:siot present 
anything tangible: that ‘cary definitely located!!' Reversing 
the rotation is likewise: a! questionable) method; since it is ‘not 
at’all ani easy matter to! secure exactly ithe’ same! speed: ‘as 

suctica high spot) even if the speed: could 
be: ateurately: determined: and: maintained) would >not 

any positive value that can be interpreted numerically.” 
isBythe use of ani atcurate tachometer 
troh theresis no: particular idifficulty: in» securing and maintaiti- 

ingvexadtly the sdme number of revolutions both ditections 

Of: rotation,)and> under: such ‘conditions the» matking of the 
“high spot” is ‘absolutely accurate. The amount ‘of Hori- 
zontal sdisplatertient: on: the ground=glass' screen positive 
measurement of of the amount of 
unbalance before antl after applying any trial-balance: weight: 


‘ 
* 
» 
‘ 


in neither static! or dynantiecbalance at the’) 
uniler' steam ithe ishop test and 
on the ship’s trials urider/ the!:closes scrutiny: of ithe: Shaw's) 
offiders andthe! Trial»Board,: «The: Shaw’ s first: Commanding 
Officer sand first: Engineer::Officet,:: who rany the: Shaw»over: 
60,000: mites; state that! throughout the ‘Shaw's turbinesand: 
propellers wete iniaistate of) practically perfect dynainic'bal-| 
thé second propeller; not bal+ 
anced statically, ran just. as'wellyas: the other, »Just:think:of 
a body: balanced: dynamically but out of-balance statically!) 
In my article: the ‘statement: was maile)that the second pro-| 

peller,! that was not balariced ‘statically; wasapparently-as: well 
balanced dynatnicdily as the :first:propelfer; that-had been: first 
balanced: statically}. both propellers;were in! dynamic! an- 
balance Akimoff,:I; believe;misses' the whole point! of: 
this':phase of my article, which static: 
did'onot: always aid: securing dynastic balance, but 
sometimes (even: ‘increased ‘the dynamic’ tnbalance: 
method:the static balance is ‘seeured while ‘obtaining the _ 
namic ‘balance: In other words, when ‘a rotating: symmetrical 
body lisbin: balance: it! is naturally 
it static balance!as well) © bute no ebaueg 
hecold:adage that! thé prodfsef the pudding lies iin ithe 
eating. thereof” can’ be! invoked Imaddition to the: Shaw; 
‘my method has been used with the propellérs ofthe Caldwell; 
and? with’ the propellers, ‘the turbine ‘rotorsand the réduction 
gears of several other! destroyers whichohave been built at this 
Yards: The: onty! cases in! which wholty 
was not obtained: at all|speeds ‘during steaming: trials 
waswith of the LPU rotors:of the Destroyer 
Due «to tiohsarrival 1,200: r pan’ motor to: be 
used:in balancing, it was necessary: to use double-belt' drive 
between ia’ 400 motor-and:the Toto’ belt” ship 
under ‘the toad; ‘only of ‘the rotot could'be obtained! 


‘ 
. 
< 
. 


Under steam:at 1,400-r.p.m. vibration oceurred with this rotor 


which, while’ not excessive, was! 
will be of sinterest: to: cite here:some: recent: specific cases 
of dynamic balance’ secured at this) Yards) on! 
As an experiment, the’ starboard>propeller of the! 
stroyer: Taylor! was: carefully balanced statically om:a fitted’ 
mandrel with journals) six) inches: in :diameter: resting two) 
parallel knife edges inch »wide; by: weights placed: only: on; 
the studs in the centers of the blades. This propellefi weighed: 
5j850: pounds. The static balancing was done: with: such! ac- 
curacy that the propeller) stayed im any: position to: which:ro-: 
tated (Fig. 1), and. was ‘so exact’ that:a:four-ounte weight: 
hung on any stud would:start: the propeller rotating,» 0! 
The center: studs: were’ 41 inches from! center of ‘hub, :the; 
side studs were’ 36) inches) from. center of hub) 
_The:propeller was) placed jon; the dynamic balancing» stand’ 
with the static, weights~secured place onthe center: studs, 
ahd! rotated!:;' Vibration began at 275 r.p.m.; becoming violent: 
at, 325 rpim. ‘By the addition: thé: following, ‘weights the 
propeller ran: smoothly: up to 500 085: 
knots);' -pounds pounds':on: 
center stud; No.2 blade added 3, poundsion advance:side stud,: 
increased 6 pounds. to! 6}4:pounds-on center stud, added 144) 
pounds on following side stud; No. 8 blade.added 434 pounds’ 
on following side stud!( Fig 2). Metal was then chipped oft 
as usual ‘until propeller! ran 500. 
The Si: Luckenbach came: Yard: that; 
the run, from: Seattle excessive vibration had-developed, 
in the port turbine, later’ several 
rows: of blades had been stripped in both rotor and casing. 
Whether the blade stripping was the cause of the excessive 
vibration: or, whether ‘the ;excessive: vibration: caused the bladé. 
stripping, was not,determined.. ‘The turbine renioved 
the shop, opened up and examined. ; The rotor was:found to 
be, badly. out of, true; and after: considerable: trouble:-was, 
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straightened and rebladed. On the balancing stand it was 


found to be badly out of balance, vibration being violent at as 
low a speed as 525!n.p.m. (2,600 npn full: speed). To se- 
cure dynamic balafice up to 2,800 r.p. rh. ad- 


These weights could perhaps have‘ been 


dition of balati¢e.weights as shown (igs). 
or com- 
bined, but as the Luckenbach was worth, ie $5,000.00 a day 


DIMA 


from ‘a financial - standpoint alone, the weights .were secured, 
the turbine was assembled<and placed aboard. Dock trials 


and a full-power run Maré Island to San Francisco ~ 
showed a dynamic balance no 


be detected at any speed. 
During the preliminary trials'of ‘the/U. S. Taylor 


the gland strips pulled loose ‘on the starboard H.P. rotor, 


jamming the rotor up against the top half casing, resulting in 
a bad case of rubbing of both caging-and rotor with deform- 


ing of blades and teating’of binding. wire.~The rotor was 
moved and placed in the lathe and‘found’to be out of true. 
Simply as an experiment, after the ‘blades had been straight- 
ened, renewed where necessary and retippett and the gland — 
strips renewed, the rotor was assembled in ‘the casing and 


given a shop steam test. ‘As was fully — €onsiderable 
vibration developed at 1 increasing) as the speed 


was increased :aip. 1,500 test was then 


stopped and the rotor stand, (‘This 


_ rotor was in dynamic ‘ba before it was first placed 
aboard.) To again s secure aa d ic balance up to 
3,300 r.p.m. it neces ren 
at one end and 2 ounces the same point the other end 


Another shop steaimvést up to 3 perfect 


dynamic balance at all*speéds’ s trials (conducted 
up to 83 knots speed onlygdue to ineiperience of 


showed no viteation at — 
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be fitted with turbo-electric system of pro- 
eta by fh sh Electrical Engineering Company, 
imited, of Loughborough, to the pb of the British Hisngstrom i Ma 
turbine of 22 Billiter London, this 
carries two Ljungstrom turbc rators, each designed to develop. 425, kw. 
when’ running fling t 3,600 f.p.m, boilers generate steam at 220-pound 
gage, and are si with su Wap eae of, sufficient capacity to ensure a 
emperature of 625 d at the turbine stop valve. High superheats 
ve not, so far, been, fa) pared on ship board, but the Ljungstrom turbine is 
well working with these high ‘superheats, There is 
danger that.t thermodynamic gain due to the high. temperature 
consequent. mechanical troubles, 
general longitudi hal section through the: turbine and. its, two generators 
beproduced in io Pig 1, The small space occupied by the; turbine itself. is 
‘very striking. . The whole of the moving part measures but 28, inches in 
diameter by 17% faches in axial length, and its total weight i is 4cwt. 
The Ljungstrom turbine is, as is now well known, a-tadial-flow machine. 
Tt consists of two discs which carry intermeshing rings of reaction blading. 
‘Steam enters the blading near the,center. of the discs, and as it passes 
ring to Mela impels one disc in one direction and the ather.in the opposite 
See Each disc is direct-coupled to a generator, and the two genera- 
tors are for parallel running.. Near the outer end. of. one 
baerator shaft .an exciter is fitted, the main and_oil pumps are 
ted on the same shaft between the exciter and the slip. rings of; the 
erator. The turbine, exhaust flange is bolted. direct on tothe con- 
_ denser, which serves, in short, as a general bed plate or foundation: for vibe 
whole init. The weight of each overhanging generator is borne. by spheric- 
re ded struts, abutting on spring buffers,.as indicated in Fig. 1.. By 
nt, the.condenser, turbine and. passe casings are all free 
with changes of temperature, an 


> @ “An longitudinal section of “the upper. half of the sturbine 
feproduced i in Fig. 2, There are, it wi | be.seen, 39 rings of. blading, w 

| are divided up. into a high-pressiire, an intermediate, and a amma 
section. The innermost, the high-pressure. section: has an 


diameter of 3 1/16 inches, w the outer diameter of the ring No. 99 


28*3/8 inches. 
# Each turbine disc. is buitt up, it ‘will be seen, ‘of three components con- 
by flexible “ dumb-bell rings.” This device, whilst securing 


accuracy of alignment, enables each component to expand freely without * 
Syprele constraint from the others, The innermost component of the three 
exposed to high steam temperatures, whilst that carrying the low- 
; pressure blading. ‘may have a mean temperature of perhaps not more than 
T 150 degrees F, Serious expansion strains would accordingly arise were 
the disc solid, and the consequent distortion would make large clearances 


. 
; 
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For similar reasons, each of the moving dummy plates c, Fig. 2, is con- 
nected with its turbine disc solely by two of the dumb-bell rings already 
described. All the steam that leaks through the dummy is necessarily 
highly superheated, and were part of the dummy solid with the turbine 
disc, the latter might be seriously distorted’ by having this high-temperature 
leakage steam on the one face and the lower-temperature “ working” 
steam on the other. The methods of making the blading of the Ljungstrém 
turbine have already been. described in detail-in our issue of, Apeil 12, 1912. 
It will be sufficient therefore to recall here that the blades are machined 
out of rods of nickel steel. After cutting to length, tenons are machined 
on the ends of the blades. These tenons fit into holes punched in assembly 
Kg of wrought iron. Even spacing and accutacy of angle is thus securec 
and the whole is then welded up solid -by the oxy-actylene process, — 
assembly rings are then turned to form, with a. dovetail at the back, an 
this dovetail is secured by folling into a’ corresponding slot formed ina 
stout carrier ring of high-tension steel. 
In Fig. 2, the light assembly rings and the stouter carrier rings are yr d 


. shown in the sections. These carrier rings are secured to the turbine 


by flexible dumb-bell, rings of the type already described. 
~“ Owing to the care taken to minimize the distortion due to differences, st 
temperature, very fine sree tp are possible, though, of course, it is st 

necessary to follow Sir Charles Parson’s maxim that where fine clearances 
have to be used between parts in rapid relative motion, one of the parts 
must be a thin fin only.. If this precaution be adopted, a touch does no 
harm; the thin fin’ is not stiff enough to distort anything but itself, and 
though it gets hot, it simply rubs away, and provides its own clearance. 


_ In the Ljungstrom turbine the fins are made front strips of. nickel steel, 5 


mils. thick. These are secured by caulking into grooves formed in the blade 
rings, ‘and ‘are perhaps most clearly shown near the ends. of the low- 


pressure rings in Fig. 2. Leakage by axial flow of the steam from between 


the’ blade rings has, in all cases, it will be observed, to make its way past 
two constrictions due to these rings, arid the loss thus arising is, accordingly, 
very small.’ As will be seen from Fig. 2, the four last rings of blading are 
built up in three sections. This is primarily done to secure strength and 
stiffness, while at the same time increasing the turbine exhaust area. The 
load due to the centrifugal forces is thus carried by four rings of solid 
steel, well distributed, so that the distortion due. to the centrifugal load is 


_ When the turbine is at work, the pressure tending to force the two discs. 


apart axially is very considerable, amounting, in fact, to several tons. This 
end thrust is taken ‘by the dummies shown at cc, Fig, 2. Each of these 
dummies consist of a pair of grooved discs, one of which is mounted. on the 
turbine disc, and the other on the steam chest d, which is stationary, Steam 
flows through the space between the dummy discs, past numerous baffles, 
and finally escapes into the exhaust chest of the turbine, The arrangement 
6f the baffles is shown diagramatically in Fig. 4. Here A ‘represents part of 
the rotating dummy disc, and B part of the stationary disc. . As will be 


’ + geen, fins project from one disc into grooves cut'in the other. Each of the 


fins is provided at its outer end with a baffle plate of@nickel steel 5 mils. 
thick. e edges of this plate just clear by some 5, mils. or so, the adjacent 
edges of the ere with which they are meshed, and through these narrow 
inter-spaces the.steam must find its way in leaking out to the exhaust. _ 
~ As shown in Fig. 4, two forms of groove are used in the dummy, the 
object being to secure automatically an exact balance of the axial thrust, 
tending to separate the main turbine discs. As represented in Fig. 4, all the 
baffles are effective, the steam being as effectively wire-drawn at aa as at 

. This, however, is not, save by accident, the working position of the 
dummy discs relatively to each other. Let it be assumed, for exaraple, that 


a 
a 
q 
q 
4 
; 
4 
4 


i in 
the, two ‘discs together, has, however, 
now.’an unbalanced pressure tending to 


se, therefore, move: apart, ‘carrying with 


in- their turn, carried. into widened pockets. Hence the steam which has 
leaked past the a grooves now gets away more freely than before, and the 
- total pressure tending to separate the dummies is decreased, thus again cor- _ 
. ‘0 prevent hunting, a pot is provided at the outer. en gen- 
erator shaft. Onte of these dashpots h is shown in position on the extreme 
- Tight of Fig. 1, and in detail in Fig. 7. It consists essentially of two pistons 
#4 on opposite sides of a diaphragm k. The two pistons are coupled to the 
end of the generator shaft by double-thrust ball-bearings, as shown. The 
_ space between each of the ‘pistons and the diaphragm is connected up 
through a non-return ball valve, with the general oil supply of the turbine. © 
An adjustable leak-off, connecting the two sides of the diaphragm is pro- 
vided at 7. Any tendency to hunt is damped out by. friction at this plug. — 
already mentioned, the steam enters the turbine blading near: the 
center, and flows radially outwards. Were the working agent water, the 
simplest method of conveying it to the center of the discs: would, no doubt, 
be to use hollow shafting, through which the fluid would be passed. Such 
a scheme is impracticable, however, when the working agent is highly ~ 
superheated steam: Bearing troubles would probably be serious, and the 
heat which would with this arrangement pass from the steam to the 
generator rotors would not be welcomed by the designer of the electrical 
section of the plant. Another plan was, therefore, necessary, and. the 
turbine is fitted accordingly with two steam chests d d, Fig. 2. These are 
ring-shaped steel forgings, which at the one end sqpport the gland bushing, 
_ and at the other the standing half of the dummy. To ensure against distor-. 
tion by expansion strains, these chests ate each, it will be seen, connected 
to the casing ‘by one of the dumb-bell shaped rings already referred to. — 
Steam is led into these chests by a breeches pipe » p, of which one sec- 
tion is‘shown below the turbine in Fig. 1, whilst a bastard cross-section, 
showing the connection to the main steam stop-valve, is reproduced ‘in 
Fig. 3. The steam chest d is, it will be seen, double walled, and the steam © 
~ pipe passes through both walls into the inner section, which surrounds the . 
- shaft, as best seen in Fig. 2. If the turbine is intended to take an overload, 
a special valve is.fitted, which admits steam into the outer annulus of the. 
chest, from which it enters the turbine through the by-pass openings shown 
at k k in Fig: 2. In the present case no overload valve is fitted, but a pipe 
not shown in the figure allows steam to be drawn off from this annulus at 


4 the end thrust is exactly balanced in the position shown when the vacuum : 
a -is 27 inches.; Suppose now that: the vacuum: is increased to 28 inches. 
¥ Such an increase as is well known will hardly affect more than the last Re 
row or two of the turbine blading; so that the total end: thrust tending: to 
Sa _ separate the turbine discs is ch 
exhaust: space, which tends to fo 
‘been reduced, Hence, there is 
3 separate the’ turbine discs. | The’ 
them. their dummy discs... The effect: of this motion is that the baffles at 
et aa, Fig. 4, are carried into the widened ‘spaces or pockets shown, thus 
greatly increasing the clearance hére, whilst the clearances at the grooves bb 
qt are unaffected. The consequence is that to get the same weight’ of steam : 
past the b grooves as now: passes the: a grooves, the pressure at the com- S 
mencement of the “ b” section:‘of the dummy must rise. ‘The general result 
: is that: the total pressure tending to'separate the components of the dummy 
A _ is increased; thus correcting the “ out of balance” of the turbine discs due to 
| the change ‘in''the vacuum.:: In the contrary: case; should the vacuum 
so diminish from the original standard of, say, 27 inches, the balance between , 
: the dummies and turbine discs will be disturbed in the opposite direction. s 
q $ The two turbine discs will then tend to close in towards each other.’ In 
= 3 moving thus, however, the baffle strips at the b.grooves of the dummy are, 


bastard one, but traps ‘the. jeakage from. the glands. 


and. convection losses, the ex: outer:surfaces of the steam chest are all 
as indicated at. 


moved. ; The-two, porate elements next 

fixture, which, holds. them::in, true: alignment) with’ éach 

dummies,'. The generator shaftsare then, withdrawn sufficiently: to: 

tegistering spigot’ on the ‘stub shaft, and the turbine can then be lifted 
out complete and dismantled: in detail if required. The bolts:t are knurled 

in the. body, as indicated; and: when home, soft metal is caulked down: ‘onto 

the kaurling, effectively locking the bolts im place: 


«As will be seen, oil baffles are’ provided at to prevent, the’ escape 


lubricant from the bearing: casings. 


steam ‘stop-valve' is combined ih one casing with ‘the etnor valve, 
atid is: shown int position to the t of Fig. 3, whilst agri 6 
the whole arrangement in detail, ‘and to a larger scale, . The Age valve is 
Fig. 5, is of the ordinary lid type, is ‘surmounted bala: 
double-beat governor valve B, secured to the'satie spindle, valve B is 
‘designed ‘so that -it does not open appreciably until A is well clear of. its 
seat. AS comsequence, B may be moved throtigh a range“of 
opening without setisibly affecting the steam way past A. 
is Operated by’ oil pressure, which is admitted below the los Han 
C, ‘The. presstire of this oil supply is regulated by the goyernor, as 
described later on.” ‘As the ‘speed rises, the governor reduces the ail ; 
so that the spring moves down’ C, and with it the govertior valve 
thus throttling the’ steam ‘supply. ‘The screwed spindle Dis,simply used — 
to lock home the valve A. It'can be used to close. this valye, but not to 
it. “Hence, in statting turbine, the is to up D, 
the unlocking ‘the valves. latter, however, cannot y n, becau: 
the spring above C is sufficiently powerful to hold A pep again the full 


steam pressure below it. On raising, however, the pressure in the oil cir- 


cuit, either by a hand pump or by an auxiliary steam pump, the piston C is 
lifted, opening the valves and admitting steam to the turbine. Since ¢ 
one oil citcuit supplies both this piston and the beari the. fil te bee 
just described ensures that the turbine bigtci be started a ‘until the bear. 
ings: are thoroughly 
The valve shown at E, an: Naive, 1 “In, 
shown, it admits oil below ak only.. ‘Should, silo 
E be raised, it establishes equilibrium between the: snd Pane lower sides of 
& which is then forced down by the, spring, and, closes the main stop. valve 
The valve E. is, it will be seen, provided, with a spring which ge saps 
tends to raise it, into the equilibrium position, This is. resisted. by the stop 
F, and if this stop be thrown over by the handle or otherwise. the turbine 
is forthwith shut down. A cable passes. through the upper hole shown in 
F, and so long as it is taut, the the position shown, and the 
valve E remains in its lowest position, This. cable .is sogneseh to the 
governors which there are two, one for each. 
t) in such a way that if.either goyernor. acts, the cable is slacked 
spring is then a 2 to. push over the stop F and moveupE 1s, 


out 40. pounds’ pressure for feed-heating pu pipe'siown'to 
| the’ 
: ‘short stub 
pins, whi 
registered. 
the bolts 
-moved, and also the top! caps the bearings, which ‘are lifted by a 


* 
é 


i. 
~ 


m_pipe being Linto the turbine. 
| As: alteady mentioned, one exciter is used for both generators, and is 


strai Gis 6 below 


‘arranged. in) the ‘left-hand. side of-the-set Fig. 1. «Between 
8.1 ‘The: governor, it ‘will 
ttom:.of the governor! spindle. 

_ weight of the latter is carried. on a ball thrust, as:shown.»:!) bolg 
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lever H, Fig. 5.”'It Operates ‘the’ overtaking gear” by mediis of the link 
rk shown: ‘Fhe 


"Phe lever shown to the left of is to’ the same shaft as'the 
‘and ‘with . it che valve, which ‘controls the supply to the 
piston C, arrangement of this valve-is shown to'a larger scale 
in: Figs. 9, ‘11.< Asithere Shown, the piston: ‘operated by’ J 
moves in’a sleeve ‘coupled: up'to'the overtaking: gear. “The oil supplied by 
_ + the pump» finds its way past ‘the piston valve into the chamber K; which is 


oy the heat developed in the process; 


If the governor lowers the piston valve, the oil will be less throttled in its 
endeavor to escape past the valve. The eee. wee the piston Cf the 
stop-valve gear, Fig. 5, will thus be increased, and the governor valve more 
widely opened. As the spindle of this valve rises, it carries with it the 
lever H, Fig. 5, and as 1, Fig. 8, is — on the*same shaft, therlink L is 
lowered, carrying with it-thesleeve. The effect of this is to; diminish the 
oil way past the piSton‘¥alve, and a certain equilibrium is thus established 
until a new variation.in_the load brings the governor againinto action. 
By this arrangement diledanger of hunting is ‘elimimated. As 
will be seen, rélief valves, are provided, both on the dis~ 
charge main from ump and on the upper part of the moving : sleeve. 
The oil pressure, can, accordingly, never become. excessive, A 
showing the oil level injthe tank iS as indicated in. Fig. 12. 
oil cooler is fitted on the very main, as-shown at M, Fig. 9, 


Enlarged sections of the mait pump: ‘are_ represented Figs. 
and 14. 


a simple impulse. having a single convergent-d: 
nozzle, as indicated in (in Fig. 10. The-steam supply for this turbine is taken 
from the | and the exhaust /passes. to the 
in starting. ap the turbine, and 


supplies the presse nee the main steam Stop valve, and 
for dushing, arings: An valve is fitted Gh the steam gupply, 
which cuts off thé-steam oftce the main turbine jis fairly started, and the 
main oil-p in, operation. up the auxiliary punip. auto- 
matically| s id the main s\of this automatic valve 
are repres Nin Figs: 15 ther Here O reptesents ttre-valve, ch ‘is, 
it will be, seen, coupled. ee work with a spring-loaded: piston P. The 
space below this. piston i is connected to the main oikpump. , and 
so long asthe pressure here-is the~piston is forced down 


by the spring, and 
in 


the turbine casing. Labyrinth ofa "ngenious type 


are used for this, purpose; They are shown'in position at v v, Fig. 2, and 


lean Fig. 20. ‘Any stearh leaking through the glands has 
-in-suecession through the numerons constrictions shown. These 
it so- effectually the teakage from both glands. under a pressure 
pounds per. re inch does not exceed some steam 
our. The leg a8 "ateiaits trapped by the pipe showmto the left in 
sirendy ed toy: and is léd off ‘to a special condenser. The 

id is with practically ‘no: ite Own when 

they touch, the fine ends -of- the: iply rub. 
nase Feing ‘too. small-to- any ‘distortion: the gland 


In Figs. 21, 22 and 23, we of the-Y- 
steam from thé! mam stop_yalye tothe: tart 
chests. is pipe s to pass througit ee, 
convection losses, it is air-jacketéd.~ jacket: is 

halves which were braized together after being placed on the main pipe. 
At the two ends of the jacket the metal is turned inwards, so as to grip* 
the pipe and cause the jacket to take up a position approximately con- 
centric to the pipe it covers. This feature is shown clearly in the detailed 
sketch of one end of the jacket annexed to Fig. 22. We may add that the 


| | 
9 We give to a larger scale illustrations. of. thie turbine- 
It ‘is, 

through 

‘ 


“il 


SS 
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etowol 


try 


iti 


8 
= 
“ at 
‘ 


word “ weld” on the horizontal part of the pipe in this illustration refers 
to the union between the cast-steel a of the es 1 hogigontal 
solid-drawa steel tube, ends of 

and 23,/and“to a‘ larger scale in so made 
into sti ‘caulked i 
arrang there ate 2 conn 
the tur ne| for examinatio 
toa test of 400 


by a “sliding ft 


in Figs. 24 to 26. <This governor 
‘type, weig suspended 
ts are of 


or 
is, it willxbe se 


from: levers bal 
cast iron, loaded<with tead, as indi “in are 
springs can be adjusted by the ht ma Serle scre bolt, by 
which the end washers are connecte & square send for a 
key, and is locked by a square-holed.) which: is 
clip as indicated. Very great att has, it ‘will, be a been: 
the thorough and coptinuous tibrication of all the. j 

i e y governors 


Diag: “em fhe 
cach shaft, AS 27 to hére are twGvof 


le 


revolution exceeds a pre-determined: limit, the- 
maintain the plug in position, and the 


the shaft and strikes the trigger shown! slacks. 
which the stop F, shown in Fig. 5, natin Sp d 
equilibrium valve E moves up accordin and € ig down of 


the main turbine stop valve, as alread Banned) 

Details of the oil cooler are reproduced in Figs. - 
known, turbulence is necessary to any rapid interchange eat Piakwans 
a fluid and a solid. It is not, however, easy to P a viscous fluid, such as 
lubricating oil, into a condition of turbdlent flow » especially if it moves 
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through’ tubes: of relatively: small diameter Through such tubes it tends 
to- flow “linearly,” without any material intermixture of successive shells 
of the moving fluid. Under such conditions, heat transfer is effected with 
great difficulty. On the other hand, even a viscous fluid cannot turn a 
sharp corn without a certain turbulence and intermixture of its stream 
lines. Henge, in the case of the oil cooler illustrated, the oil-is passed not 
through the “tubes, but outside Overs. amber of baffle plates, 
as indicated Sate. Ye-inch-in® out- 
side diameter, 34 “They” aré-$1 in num- 
tes are themse' Gopper? rea oil flows 
“Successive of..120 s with each 

ng’ of the ath 


$ is shown in 
that the: tubes can 


expand Sestrah the tem ~The water box.on 
the left divided into two. The. 
the one ‘side of this on the other. 
rmometer..pockets aré. provided f iof the in- 
going and outgoing lubricant pe The 
cooler. was: of 140° pe square inch 
rush Eectrital Engineer- 
Co: by the Contraflo Con- 
Limited, is illustrated in Figs. 
ch is riveted the 
denser, r or. ring boxes, w we 
erators, weight is, seen, transf these 
castings) ito the feet, by which, the con is Epealbasy, in 
boa: ney listort the shell of the co 
thinner would otherwise be necessary. 
rac provided is 1,150 oe" feet, which suffices to insure a 
cent, with the’ cooling water supplied, at. 70 degrees: 
exes are of cast iron, and are devised for un tiple pass of the cir- 
er. In addition to-the main inlet for the Cooling water repre- 
‘an additional opening is ‘at B, from which water 
can be from the circulating pumps om or fhe of the ship. 
th dryarid wet suctions-are provided for the dry suc- 
n is at F, for the {wet ‘suction at B. pumps. are itlus- 
trated/in Figs!'40 and'41. “They are driven by three-phase motors, and are 
of the aeapenbege To combine the requisite waterway with the rela- 
tively wi with the-high- revolution, twin 


im 
fant is illustrated in 42 to 40. “A steam jet is used 
to extract the air from the._condenses; and to-deliver--it-at-an increased 
peste and smafier volume to a water jet puma which discharges into a 
ng’ both the the-hoilers and the water 
required to the water jet. At the samé time the is 
withdrawn from the condenser by a set of centtifugal pumps, whi 
charge into the same tank as the water jet. 

The steam extraction jet is illustrated in Fig. 46. The flange G is bolted 
on to the flange F, shown in Fig. 36, whilst the flange H is connected by 
suitable pipes to the flange I shown on the top of the dry suction pipe in 
Figs. 42 and 43. This pipe is, it will be seen, fitted with a balanced non- 
return valve, so that water cannot in case of accident, pass‘up the pipe 
into the colneenser. The water jet or rather, system of jets, which com- 
plete the compression and delivery of the air is shown at K, Fig. 42. The 
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air delivered past the non-return ili wales goad mentioned, is i led by ~ 
the inductive action of the small central jet into the large nozzle: shown. 
A further supply of water is admitted through “s annulus round this 
nozzle, and the mixed contents of air pony ate 


Jarger scale well, 


dent shown 


Should limit be app: falling 

so as to cut off the flow Sand he float. T i is. hollow, and is 
kept constantly full of water by a ieharge from the pipe U, which is 
coupled with the pipe This arrangem been adopted because hol- 
low floats having their interiors sealed-eff; have at times given trouble by 
proving porous, so that it was considered preferable to waterlog the float 
once and for all. A counter weight is then; of course, necessary, and is 
provided as shown. The pumps used are all arra on one vertical shaft, 
and are driven by the! three-phase motor shown in Fig. 42 42, and perhaps 
still better in the general view of the plant-reproduced in Fig. 57. 

The pumps for extracting the condensate are compounded. One pump 
serves merely to extract the condensate:and-to maintain a certain head on 
the suction of its successor,.by which the bulk of the work is done. 

A large scale»section through oné of the ‘generators. is represented in 
Fig. 50. Each! generator is designed=to develop’ 312%4 ‘kw. at 650 volts 

when running jat 3,600 r.p.m.- The cooling: of both stator and rotor is 
‘provided for by a single fan, the arrangement being. such that all inter- 
spaces can be cleaned without stripping the machine,~The rotors are 
solid steel forgings with milled pee a which take former-wound coils. 
These are held/in place by gun-metal wedges Special metal caps are 
fitted over the end een secure them against « ement by the 
heavy centrifugal forces. 

The current ffom each tur’ an induction 
motor, a section through is shown in’ Fig, $1,’ page 832, and both 
these motors drive, by gearing, ller shaft. A view 
of these two motors in: course of erection at alcon ‘Works, is repro- 
duced in Fig. 52, page’832, whilst Fig. 53=is'a view showing the stators 
and part of the flexible couplings by.which ‘connection is made to the. 
pinion shafts. Curves showing the result@ obtained on test are reproduced 
in Fig. 54. It will be seen that an effici of 95 per cent was realized 
with a power factor of .875, The normal ritining speed for these motors 

is 714 r.p.m. . This is reduced by the gearing to the 76 turns per ee i 
. quired for the propeller shaft, which at this s — absorbs 1,500 s. 

gearing, which was supplied by The Power Plant y, eit 
Drayton, shown in photographs, Figs, 55 and 56. The pinions a rei 
inches in diameter at the pitch line, and have 23 teeth. The wheel with 
which they gear is 86 inches in diameter, and the reduction ratio is 9.4 to 1. 


3 using pipe into the kimetic t y the opening shown at L. e area | 
7 through the annulus round the large nozzle is adjustable by means of the 
et screw seen at M, Fig. 47, which shows the details to a larger scale. 
|. The feed for the system of jets-described.is: withdrawn from the kinetic ' 
| tank by a motor-driven centrifugal pump, the discharge pipe from which ( 
_ is shown at N.| The water passes through the’strainer O, Figs. 42 and 43, 
a. and thence on to the jets ‘as indicated” The whole‘of the water does not, 
Fe however, pass through the jets. Part of it is delivered by the branch P, 
: os Fig. 42, and the float regulated valve % Fig..45, to the space below the 
non-return valye R, and thence to the feed tank or hot well 
return valve and its connections is shown more clearly in the 
Figs. 48 and 49. On its 
this water passes’ through ‘a ‘small i n 
at S, Fig. 42, this condenser the 
4 glands is led, as already~stated. This steam, hy its condensation, heats i 
the water on its way to the feed tank. 
| The float-regulated valve’© is intended to prevent the‘possibility of the - 
| 
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The.total effective width of face is 22 inches. The’ nions are of high | 

carbon’ steel, £ solid with their shafts, cose 
= is both sh y and.keyed to its shaft The bearings-are.of cast 
by singe (phot , Fig. 56), an 
corporated in the gear case, --The-oil pumps  whigh ch supply is block: the 
gear teeth, dnd-all the bearings, are rom the after‘end of the pinion 
clutches which can be disen; at will, “One p is 


| 


=, 


The is effected controlling the-cur ‘current between 
the generators and the motors. The* is, casted $..58 to 60, 
and also in Fig. 61. The amount of liquid 


sistances, the electrolyte being a solution The electrodes have 
the form of cones, as shown in Fig. 58... lower’ <afe-stationary 
and filled withthe solution, whilst the upper ones are mounted on agen 
which are raised or lowered by means of a hand wheel shown in s. 59 
and 60. In the stop position of the hand wheal the fipper cones are ifted 
entirely out of the liquid i in the lower cones, whereby circuit is broken. 
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Fic. 60.—SipE View oF CONTROLLER. 


Fic. 59.—FRONT VIEW oF CONTROLLER. 


pres Reversal of the pr 
of ti the hand wheel. This is effected el it is in the stop position, so a 
the rotors are open-circuited, a veer switch being operated, which 
reverses two of the phases i in the stator circuit. The cones with their at- 
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cor nominal... A_ stop, is provided pines the. wheel: i 
“The potash solution is circulated: by, the pumps 
at the left-hand corner, Fig, 59... A the. is. 
tanged_at the base of the maneuvering column. This, cooler is supplied with 
oea water, taken feom the circulating, pump discharge... 
The. various instruments provided are mounted as. shown, in Figs, 58. and 
60. In addition to the usual. and with shunt r ors, 
integrating watt-meters are provided, which enable, the. engineer in 
th to obtain i instant the machinery is developi ing. te 
e top.o is.mounted onizi 
two and also an cutout fall pow 
liquid resistance is entirely short-circuited, the . current meee wer 
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er,tutns, in, ai,similar direction, its, speed .correspondnig, to, th i 
le through. which. the. hand. wheel is turned. _ At full speed. therefor: i 
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th Uttetalli¢ ‘Copttact. The’ of the” 

with the greatest ‘nicety. It can’ be reduced to’ as little ‘as one 

minute, and at ten ‘urns is’ 
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FEEDING AND CIRCULATING THE WATER: IN STEAM 


fic as the: is’ aware the: had no internal pipe for 
introducing the feed at-all; the ‘onthe -valve-merely entering 
into the boiler. \A-leter form the’ spigot lengthened somewhat, and 


opened out on thetop. or. bottom. of the the to_prevent.the water from 
impinging so directly. ‘walls of ‘oiler or -tubes...A still later 
form had a short in carried ip te a of the 
water level, in of “being delivered in 
very rapid. then the) the tubes 
perforated with:-small- ith This, of 
spread over the surface of. water the tte cold soe the form of 
a “spray,” instead of the ‘full lume: ope ‘focal: al: Phe: improvement 
of this form lies in the oot t, instead of arge” volume of com- 
paratively cold feed being tivered 30: one a. Spot, the feed, separated 
into a large number of atts streams, is spread over ‘2 darge surface of 
the water. This, however, still itself- to the mind as 
forming a “ cold- blanket” the-hot 
Experiments. made. migriy years ‘ago in 
beyond doubt that. the water-at the back of a “boiler, when 
under full steam, was higher-than at the front ortuhe end. ‘The fiercest 
heat will naturally beiat the’ and | along the tops of 
_ the furnaces, and, in @ lesser degrée, furnaces being so 
close together, the water) in’ the whote-of-the part of the boiler will 
be rising, but-tising most-rapidly ‘back end and,.in.a lesser degree 
large proportion-of- the heat-havi into the bpiler water) at 
_ the front; therefore, the citculation will be taking place from the center 
of the boiler towards the wings, and from the back of the boiler towards 
the front. Then as this water is also very Eo | having already passed _ 
over the it is unable:by the fiatural law to disturb the water 
at the bottom (because the -wateris. colder at the bottom), but simply 
flows over and by-passes this colder water and rises again to the surface. 
It would appear that there will probably be a difference of about 1,700 
degrees F. between the temperature of the gases in the furnace and on 
combustion ‘chamber plates and: the temperature of the gases at the front 
a ‘of the boiler where the’ gasés “pass into’'the uptake. ‘This figure of 
700 ‘degrees is’ estimated, the f in’ thie furnace and 
chamber at’ abottt 2,500 de grees 500 degrees F. ‘at base of 
funnel’ ‘degrees F. at! the” ‘Of (front end of boiler 
opening to uptake)—#.’@.; 2,500 degrees“-600 ‘degrees = 1,700 degrees F. 
These figures; while only ‘approximate, ‘should ‘be ‘sufficient! to’ indicate: at 
the flow ‘of ‘circulation w probably ‘indicated’ ‘The feed water 
should be introduced i in’ way ‘following ‘the: lines’ ‘of ‘flow and facili- 
Of paper 'Fead ‘be “the of ‘Marine 
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tating them and on 


goi 
appear to be sound the 


arywise. It therefore does not 
water into the hottest part of the 


intr 
boiler, but rather that. it should be in Some position where the 


water would ‘naturally cooler and where. 


would more 


nearly approximate tothe: temperature of the incoming feed. 


W ater-tube —It ‘will be convenient now to examine the. probable 
flaw and circulation -water;tube/ boiler... Water-tube boil have been 
so varied in and design, and segey ‘with, such-a very volume 
of water, rapi evaporation ahd a jon of steam, tha “ feed” and 
“circulation” Have been vital factors. - +the case of a modern water- 
tube boiler inj the simplest form, ah as the “three-drum type,” with 
practically straight tubes connecting the steam) and two lower water drums. 


In the extrenjely’ ‘simple form ¢ 
question now} 
comers—formirly considered 
longer fitted. |Following the 
to the circulag 
nearest: to the fire in the:comb: 
rows farthest away from the fi 


ft 
in regard to ion, even 
solutely essential for circulation—are no 


there a; 
though th 


latest). ars to be no 


large down- 
sequence already indicated in regard 


boiler, the circ lation will be up the tubés next to and 
son ch bert and down the outer row or 


In the case an) ordinary water-tu “boiler working) under forced 


draft, there will probably: be a degrees 


temperatiire of| the gases impin 

temperature of| the gases’ (having 
heat having pagsed into the boiler w 
tubes remote from the fire. This 
the gases in th 


side the outer tow of tubes 7 


grees = 2,250 degtees F. This egress 
sufficient to. give every confidence sd 


will be as indicated. If the feed is 


sti 
combustion c to} ibe) about 3,000 
temperature at the base of the funnel a 


ater) impinging on thé outer row of 

ite assumes the 
egrees F., the 
t 600 degrees F., and just out- 
rees | ¢. 3,000 .grees—750 de- 
f 2,250 degrees F. appears 
the’ ‘natural ‘circulation of the boiler 
elivered in the top 


(or steam drum), 
where the temperature of the boiling water rch the steam 


pressure, it mu t.necessarily 
blanket onthe boiling water. 
A great-number of, devices) have 


t (like the caiid water in 


kettle) as a 
Jor’ beatings the. 


water by means inside, as well as ot 


utside the boiler, but these have fre- 


quently been found too cumbersome,\ costly, or complicated to meet with 


general acceptance, es 
accepted that boilers 
water flows freely dnd rapidly over | 
heat, are the most efficient. / Furth 


jally for vessels on long voy 
n which the cifculation is good, «& e¢., in which the 


ages. It i is generally 


the nesting surfaces, ‘absorbing the 
is. well known by engineers, 


boilers in which any quantity of wa er, Ties. oe and ‘in which the cir- 


culation is not 
cient, and 
producing und 
material, and 
‘With these fundamental points be 
general 


freely cyclical and pasitive, will 
a condition has also a 


strains, causing distortion 
plates 


not economically effi- 
eleterious effect on the boiler, 
y leaky seamd, deterioration of 


. between the 
bes next to the fire and the © 
thtough the s of tubes, the 


emperature of 


in mind that the. 


and. bearing i 
pe © regard to circulation of the water in the boiler has 
frequently been discussed and demonstrated, and-that the hot water must, | 


by reason of the change which-has taken place from being cold, rise to 
the surface, it will be readily pereeiyed that the manner of introducing the 
feed into a modern boiler with a large heating surface and. high: pressure 


is of paramount i 


of natural circulation of the boil 
feed in an enlarged internal feed p 


rtance if the highest /duty is to be obtained, 
should not be satisfied with anything less’ than, 
special device referred to, the effort has been, made to 


and we 
the highest duty. In the 


first,"to mingle with the incoming 
and then in the outlet” nozzle to 


ize the streams - 


: 
q 

| 
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aid! he by by indweing them through the!“ gills,” 
“that the feed ‘water ill be’'thoroughly mixed ‘with’ the :boiler swater 
fore it actually touches’ bn ‘any ‘part of Whe boiler cod 
The “illustration shows’ thé “feed-inlet" connection °of boiler? ‘and the 
inlet'for the hot boiler water’is’ shown together with the ‘which 
80 ‘as ‘to ‘draw iff the Hot°water with the°feed;! and ‘the helical 
uuitably ‘shaped vane’ gives’ ‘a turnitig mixing effect-to the now! united 
mass of flowing water with’a view to thorough’ mixing, ' ‘After passing this 
the first/nozzle comes*into action tie, mixed 
water’ is delivered the ‘boiler ,water..:‘The temaining \portion.of the 
water then ‘passes ‘through’ a ‘simple vihjector (similarly; designed: to 
that cwhere then feed entets the pipe)» process -is 
repeated! series of injectors, aud:nozzles; as shown. will, thus 
be seen that along the whole: length: of; the boiler: there willbe a 
towar: e tu in, part, 
outlet ;nozzles: are. specially,; ive. rig fe flow 
does, mot appear as if t an: 
-urally be..cooler,:and where the, fresh st aye can be delivered at 
as possible,the same, temperature, as th 
sis one of the principal. features of the arrangements consid-. 
eration, The, genetal principle of, the apparatus is thus that the hottest: 
water. is taken ‘from, the apper, surface, in the more 
dead” water, at the bottom, so it flows up, the furnaces into: 
hot streams rising from: the furnaces and tu tubes. 
The idea of delivering the feed into this “dead” water has ‘been. ip 
advocated, and in’ some ‘patented artangements’ has ‘been’ done, 
make’ its adoption ‘uti 
contact with’ hot'water than by in. 
ing more readily ‘mixed 
red’ intg' the interr/al feed‘ pipe 'at® 
luce ‘water a 


the water as actually: delivered 


that at -180 ito 
pressure square inch, the 
id; be.to 


heaters, there iis, 


had been mixed with an equal quantity of hot‘watet’ in’ the “énlarged 
ternal pipe (an. addition of 100 per cent hot-water instead 25: iper:cetit), 
the mean temperature ‘(if thoroughly mixed): ‘would bei 237 «di ig. «With 
| “ feed” wate 

mixed with 

sponding,,to 

into the, boile 

attained | for 

internal pipe enlarged to as - 
shown, It, will be, observ a 
gained by :mixing ;the. fee 

the, hot, boiler water, woul 
at, the; outlet nozzles, | by, while, with feed: 200 
degrees the, outlet. would. be. raised ‘by 68; degrees...) From,-this. will 
evident. the. advantage that -would.be gained; in J 

external, feed), heater »is used, ,; With; surface’ feed 


- boiler, and 


Cotitse, heat loss.in (passing thr the tubes and. frict loss in. 


‘ough dri: 
theswaterithr them, producing additional.“ “head” on: the 


it has generally been ‘found impracticable to heat the feed to more than 
200 degrees F. at the pumps,. while this temperature in long lengths 
feed pipes. will, be considerably reduced before, reaching the boilers—prob- 
ably, down degrees or degrees—so that, where. these, are 
fitted, there appears arnple scope for the; devices under consideration: to be 
of very considerable advantage in safe and economical. feeding... 
veé8els with a large number of auxiliaries and in. turbine vessels. it 
may probably ‘be desirable to! use’ a feed heater for utilizing any. surplus 
exhaust’ ‘steam’ not ‘required by°turbines, or evaporators,, with the fitting 


“described, to’ complete the‘ heating of the: feed: and promote circulation, 


but’ in' many vessels thefeed can ‘be ‘effectively dealt with in: the: boiler 
itself’ by’ the ‘means: which’ we have ‘endeavored to dtacribey without any 
further? enctintbranices ‘i in the of external: feed heaters. 


will ‘readily be seen! that ‘while it may ‘be necessary to ‘obtain’ a" high 
degree. of. throughout by utilizing exhaust’ steam’ for feed ‘heat- 
ing purposes, %.-¢.,°condensing’ this steam’ by imparting its ‘heat ‘in ‘this 
process to the feed yet, even = er these conditions, it is often ' ‘necessary 
to! put a a considerable quantity of cold water into’a boiler. ‘The “ ‘ciftto- 
feed ‘heater under these cbinditiohs cannot fail to be’of distinct valuein 
reducing the bad ‘efféct'of the ‘cold watet on the' boiler. ‘For if, already 


indicated, it be arranged’ ‘so ‘that’ the incoming feed’ be mixed with an 


equal’ quantity of the “hot water in the boiler, the cold water would be 
heated to a g gtinaci double the’ temperature ‘before ‘delivery into the 
it is manifest that the circo-heater has only’ to’ be at : 
small extra cost, so’ that the feed mixes with twice the’ quantity” or 
a benefit ‘may, be derived. 
fore consider that whether, a feed hea ‘be ado ed for 
read feed economical; purposes or, ofa 


sures, whatever. the. temperature of the feed, its. temperature jis Taised 


considerably, (from, say, 25, per, cent to, 150 per. cent, to the. siz 


teason thatythe “fitting is: self-contained inthe: and: no 
heat |is\saved, which would: 


while this! is true, we fairly éxpect inditect tue: ‘to 
steadier steaming under’ all ‘conditions=-a' diréct economiy’in repairs’ ‘anid, 
in addition,’ lengthening 'the'’ Hife-of ‘the bétler, ‘witha ‘greater ‘confiderice’ in 
its safety.” These’ are‘surely valuable’ ‘assets to the owner ahd ‘his’ clients, 
as well‘ ds to'the sea-going engineer. It's)’ generally speaking, ‘otily owners 
and ‘superintendetits who have’ the opportunity of fitting and testing’ pro-' 
posals of this nature, atid the desire: to’ test depends upon ‘how’ sound the 
proposals’ ‘are, ‘and »whether ‘they appeat to ‘offer’ something ‘which, if’ at- 
tained) ‘is worth having’ and will provide ‘an’ retiirii for the "outlay. 
‘How “far these! conditions have been’ fulfilled remains to’ be seen, 
‘effort ‘has ‘been made to’ attain’ an ‘efficient ‘natural ‘circulation of the’ water 
‘iti the boiler and at the ‘same ‘time heating the cold’ feed ‘before be attend 
‘into’ the ‘boiler’ in the ‘simplest’ ‘manner —* Shipbuilding and Bhip- 
ping 


4 

springs .of other, working -fittings to be. adjusted or to get out of order, | 

d_that if proper! signed and_ fit ith suit ials j 

| 


WATER GAGES. ON. ARING BOILERS... 
Notwithstanding that most examinefs of. for. 
licenses’ ‘make a ‘special ‘feature of the water gage, numefous boiler: acci- 
dents and explosions occur either from engineers not being familiar with 
the construction of the: water gage or’ not ‘satisfying themselves: by’ actual 
test that the cocks, pipes and connections to the boiler are clear.) «>. 
writer recalls one ‘instance in “his. experience where “donkey” 
(an auxiliary) boiler was practically ruined. owing to misunderstanding 
among’ engineers, whomay be called, for ‘convenience, Nos. 1,:°2-and. 3. 
It was the night: befor leaving port, and steam: was: being raised. on the 
main: boilers atory:to prdceeding oma voyage ‘to Australia. The 
atixiliaries;' including’ cranes, ‘light: engines, ‘pumps, being: sup- 
plied with’ steam from the donkey boiler; which would: be:‘in «use:only. for 
a short while before changing over to the main eee pm No.1— 
was about to:go off watch and: before doing: so pedi up’ :the donkey 
boiler; but during: the ‘time’ this: operation »was progress ‘he had other 


duties’ to attend: to, with the result that he allowed: too much water to get 
in’ the boiler. ‘The ‘gage: showed ‘more than a full) wold” 
‘The feed: pump which°was: used while in port to supply: the donkey 


boiler’ with: water’ was not:‘réquired . when engineer No. si, © 
knowing that he had ‘put too:much 'in: the’ boiler; came: to the conclusion 
that the pump would not be further required and closed the cock on top 
of the boiler which- controlled the steam supply to the pump. This cock 
was located near cock-4,-Fig. 3. Engi No. 2 now came on watch, and 
No. 1 mentioned to him that he bei pimped “a little too much” water 


into the “but added it woul all 
on watch No. still found. he lass full and frequently bléwing . 
E, Fig, 3;) water stillisgued f fat, d he 


rough ‘Hy means of c 
. 1 must ha more watef into 
than ,.he repo ed. However 2 it he would wait 
a bit;” 


after three hours the’ gla stilt showed! full, arid: he then 
ott of the boiler! until the water level in thei glass 

ie Om wa' and after thorow 1 
Fig,9, and learning the account of he 
to me and n going on top of the boiler’ found that- cock 

j the water in the glass “disdppeared. Ha then 

by means df the cock on 0 g it. 
. 1, when shutting 
had by mistake 


Many steamers have had similar ex Eicets thro false: water level, 
and on éxamination it ha’. been proved’ on nearly every occasion that the 
cocks or confections to''the steam and’ water spaces were closed:or 
This cannot really be attributed to actident, but to lack of care or to bad 

niess ‘an is al prove’ t 
gage and ablé'to ‘test its veracity in ¢very ‘way, 
on no: t bé left in charge of-a or anyother ype ‘of ‘boiler. 
The er- not favor globe valves on water-gage ¢ Connections; 
way are most reliable. 
sérve‘'to Mlusttate the: most” usual of 
ing ‘gage’ althoueh ne boilers.’ baller ‘and’ ate’ not to 
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decidé 
could | 

"glass 

4 was 

thorow 

. only d 
off th | 
1 ; 


The principal Of each gage’ and: the’ miethiod /of proving the 

‘correctness of the water level are, sennye' ely dealt with in the following. 

Referring to Fig. 1: It will bss the gages are screwed into the 

boiler front head. They maybe ‘@s follows: First let B remain 

iithen and if::steam: issues, it shows; that,,2, and 

leading to itare clear Should no ‘steam: ior. water issue, either 

Beor'the passage leading: to it is choked: and must: be cleared. Second, 

close:B and open: Drand anil the passage Jeading 

‘Referring: to: Fig. cake are! attached.:to a-hent 

pipe of about 3:iftches internal diameter, the top end; communicating. with 

the steam. space and: the lower with, the water .space of the, The 

large: pipe: is not to: become: choked: and» is,superiorto the design 

4 shown ‘in: Fig. (1. Thesgage be: tested, in practically the same..manner 

as Fig.'1.' Removable plugs are fitted, at: (4A and. BB, by. which. the: open- 

ings may» be cleared necessary. iby. means when 

it the boiler ‘is: not under steam.»;)) da & 

Referring to: Fig::3:.In this. idetign. there, is “atclear ‘openin from: Aste 
column and: blow thraugh the: glass” it is: only 

i necessary.:to ‘shut cocks, D and -alternately,! ut: to 

“blow through water gage,” including, the pipes: H J; #t.is. neces: 

‘after blowing through the glass 4s described, to, shut ‘and’ C-alter- 

nately, atthe same time: keeping! B, ‘D:and.E£ open: for sufficient. 


tt 


fe rand, A choked, the ;steam: remaining, in the 
and "he flowing through ;C. to , its, in ing 


the , elas, level. above. that, o 
age shows a false water evel, af 
be now. goened is, blown, opt, n being ag in 
closed th water, in the.gage will er re,,and, 
‘ 1g. On. the, other, hand, when .B, are, clear. and .C 
- choked, the —_ ‘if any, in the glass is trapped and no longer rises,and 
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falls with the water thie holler with the motion the vesset;’ it, 
_ However, ‘slowly ‘rises°in the glass! owing, tothe co m 
inthe upper: part ofthe gage; until. 
water in the glass is blown out, and on E£ bei 
will not show any water; notwithstanding that the water 
be at the proper level. si 

When test cocks T T T are attached to column Y, as shown in Fig. 


eferring to mes water-gage fittings s are aftanged as 

shown in Fi and no passage’ the the central’ por. 

convenient, section betw t and lower portions to which the 
and D ar attached. menit double commiunicat 

if there is; no What is Known as the “ 

shut-of in testing the ‘accu uracy of en, However, the gages 
are constructed. in ‘this manner she and ‘are’ tinreliable’ as test 
cocks .in ‘the event.,.of th glass in, the gage. This. feature 
should ‘be arefully.. when in working condition the. 
of pressure in, the glass which arises when j cause 

feature. Ben 


a the. “condensed in, the 
pipé and falls to’ the bottom of the bend, and in time completely. fills; the 
pipe J to The.steam ‘from K to the level of the water in the glass is 


Probabl the are: fitted’ with water 
ore than hal add 4) ip that ineers should 
atquainted with their construction and ‘pri 
tion, ‘Cocks ate fot hecessuty the testing of gages ‘ds's 
in ‘Figs: 4 and 5. Engineers ‘should note'that it is' impossible 'to'‘reliably 
test water ‘gages as ‘shown’in’ Fig.’ 3' when the cocks: and'C are absent. 
They’ should ‘note’ the effect which’ the of cock ‘A’ or’ € or 
ix gage glass is too short or is-placed either too high ‘or too low | 
in the it is liable to ‘become’ choked by the packing beingforced 
its ‘ends when the gland is being ‘screwed up. 
‘a’ gage ‘glas¢ is too long it’ will not permit of a’ rod’ beiiig’ in- 
serted at to allow for cleaning the passage~thr tock boiler. 
is defect would also tend to cause false water ley 
Boiler’ accidents have occurred ye the handles of the cocks not ‘bein 
exactly, at right to the’ coc 
strained, and becoming bent 0 


ben in.. the. steam. pipe leading, from. cocks A.to B, This has 
occurred when new. boilers have. been. installed, on. ships, the bend bei 
inthe pipe: below: that-6# the boiler, .with-am equivalent :rise-of water 
imothe bend and also: in’ the: gage glass. When. the ship is not-in motion, 
_the:'water in the gage: glass increases in’ ‘height: 'untik:¢ock E is opened, 
or until the: pressure in the boiler ‘is ‘so much in excess. of that:in the 
cause the water im the bend to ‘be blown into 
se' immediate: change ‘of ‘water ‘level takes place. 
of working, thé condition déescribed'isimodified 
the upper part! of and ‘by.:the ‘rise ‘and 

ilér: and gage glass fromthe: motion:of 


piping to 


* 


Another casualty took place due to the twisting of the stem 
Fig. 8, from its original position, resulting’ in, the: cock shut 


RATEAU. MARINE GEARED TURBINES. 


It is certain that the steam turbine. will continue to play a very impor- 
tant, parf in connection with marine propulsion, and it is equally certain 
that the direct turbine drive cannot periers satisfy all the requirements a 
marine engineers. There remain, theref ore, at present only two ways of © 
utilizing the steam turbine satisfactorily for ship, propulsion, the’ first be- 
ing in connection with ‘an electtic generator and motor, and the second 
being’ through the intervention of speed reducing devices. With single 
reduction gearing, the highest degree of economy is unattainable in’ mer- 
cantile vessels with the usual propeller 's s, because in order to keep 
the gear-wheel diameter down to reasotiable dimensions; the turbirie must 
‘be operated ‘at ‘comparatively low speeds, The double reduction gear, 
although doubtless not ‘quite so mechanically efficient asthe single: re- 
duction, enables the turbines to be rut at the highest practical speeds, 
thereby reducing the size of the turbine. The gearing can, of cours¢, be 
designed so that the power for each turbine’ is transmitted to the ‘final 
wheel independently, giving'an even distribution of pressure on the teeth. 
With two turbines and two separate high- speed gear: ry greater’ re- 
liability is‘secured, for even if’ one turbine is entirely out of commission, 
the voyage of the vessel'can be continued. 

“We have had an opportunity. of -inspecti ‘in operation a 2,500: shaft 
horsepower Rateauw turbine: set and double at the works 
of ‘the British Westinghouse Company, ‘Li Limited, rd Park. ‘The set 
a ship order Moss: mi siverpool, from 
the North of Ireland: Shipbuilding donderry. The: dimeri- 
sions' of the vessels are:as follows: -'Length, 385 feet 6 inches; length: be- 
tween perpendiculars;:370 feet ; breadth, extreme,: 51: feet inches; ‘breadth 
molded,:.52 feet; depth’ malded: to tipper: deck, 28 feet 2 inches depth 
molded to bridge deck, 36 feet 2 inches; deadweight,.,7,200: tons; draught, 
23 feet 11 inches; and speed, 11: knots. The. normal ‘shaft - horsepower re- 

_ quired’ is; 2,500, the speed: of the propeller. 70.\revolutions;per, minute, and 
the 3,000 per minute, The is 
1,800 shatit 

The pa are of .the« -Rateau impulse tyes a pattern w which has beer 

ught to a-high pitch of perfection for land purposes, and which adapts 
admirably to marine, propulsion... The general) arrangement ofthe 
comprising. turbines, gear and condenser, is shown diagrammatically 
in, Fig, 1,, both the high as low-pressure turbines as. erected in the makers’ 
works, and. Figs..2 and 3. show the general arrangement, of the turbine 
- gear, ,.It will be observed that the eubles consists of one high and one fow- 
pressure cylinder. mounted side: ‘by side, both driving through high-speed 
pinions. the double reduction gearing, which in turn ser, the propeller — 
slfaft. The high and low-pressure cylinders are each divided into .two 
sections, one for steaming ahead and the other for fe astern; as more 
clearly shown in the diagrammatic views, Figs. 4 an ‘or ahead steam- : 
ing, steam is first expanded in the ahead nozzles A, performing work in ee 
ve ocity-compoun stage B, after which it passes through several sing! 
impulse C. The.steam is then Jed across throu 
ahead nozzles of the low-pressure cylinder D, and passes 
through the stages the E. . 


4 


| 
“ ” 


For astern steaming, the steam after performing work on the astern veloc- 


© ity-com: ded stage F, finally passes through the astern low-pressure 


stages G to the condenser, which is placed immediately below low- 


eing of the impulse type the pressure-and temperature inside the high- 
hogy casing is kept'low; as a much larger expansion is allowed in the . 
rst than in thesucceeding stages, while in the low-pressure cylinder the 
pressure need ‘only be a few pounds above that of the atmosphere. The aft 
ends of the cylinders are bolted direct to the gear case, and the forward 


ends have sliding seatings to allow of expansion to t re 
changes. The cylinders and divided-horizontally to facili- 


ope ing up. of the: are usu- 
ly divi into groups; L_cont “by a*separate, valve. 

group different number of nozzles, so that by admitting steam 
to the groups separately or to various*combinations of groups, throttling 
losses can be avoided at seven different.ahead speeds. The nozzles for the 
astern section of the turbine compfisé one group only, from which a 
power of usually 70 per cent of the normal ahead power can be obtained 
for astern steaming. The complete nozzle block containing a number of 
nozzles is built up of two forged-steel angles, machined all over, between 
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which: the guide: “These guides 
are constructed: from: special) steel, machined ‘all over: ‘They held::in 


ey be to ex: without: any stresses 
on tite: tabbine> ‘th clearances between: the nozzles 
and the: first moving blades. This requirement ‘is met in the turbines: in 
question by supporting the boxes at the inlet end only, allowing the a 
end freedom:o Figs 6 the complete astern: nozzle ‘box 
-‘The diaphrame separating: the: various stages: of: the ‘turbine are’ 
made. of ‘castiron. Theyare: in, halves, and provided ‘with : spigot! ‘and 
socket joints ‘to: prevent: the leakageof steam from one side of: the: dia- 
phragms'to the other: ‘The nozzles or‘guide blades ‘are made of: mild steel; 
and are’cast into the diaphragms. ’'The:outer periphery fits:into a:recess 
machined in the cylinder, and the: inner: periphery is’ provided: with special 
‘of the labyrinth type, which prevent leakage between! various 
lands ‘are easily renewable: it 
Dhe: blade: wheels ‘are forged steel, forced upoit: the shaft: given 
of keys, the cast ‘wheel: ‘secured’ by ‘a nut with a fine thread. 
of ‘blading’. are ‘used: ‘blades ' ‘of the! compound-velocity 

hich ‘weually ‘constitutes: the first stage) in: both ‘ahead and astern 
sections, are provided with “T” roots, whith fit:into» slots ‘turned’ on the 
of the! wheel: This type ‘of blading is' adopted: for:the- initial 

stage on account of‘space limitations, which debar the use of the “straddle” 
type.’ ‘Phesremaining: blades are of the! Rateaw type: of! “Straddle”::forma+ 
tion, and they are secured to’ the wheel ‘by ‘means:of rivets in! double: shear: 
These rivets are’ véry accurately fitted and are'expanded in:a‘special mas 
chine which prevents any damage to'the blading or wheel..-‘The blades of 
both ‘types are ‘usually made of cent: nickel: steel; machined:/from 
the solid bar. No distance! pieces are required between the blades;‘as they 
are’ of the compositetype, thus forming their own’ distance pieces.:: This 


additional root section greatly adds to and 


to be ‘very rigidly: yecured'in position: 
‘The provision ofan efficient’ sealing gland. at the! point: the: spin 
dles pass through the cylinders:is important, to’ preyent Jeakage steam 
into the enginé room, ‘and ‘to»insure ‘that no loss-of .vdcuum:is caused by 
air passing through the glands into the cylinders: where a vacuum m: 


ight 
exist.’ ‘The glands used in Rateau marine turbine ‘are:of: the combined 


water steam seal type, The: water seal:is normally: used! for:'con- 


tinuous -operation’ at ‘sea.’’ seal) of the: ‘labyrinth type: is:\incor- 


porated for service during maneuvering, starting and: sto ~-The water 

‘as shown in ‘section’ in Fig; % consists of ani er! rotating in a 
race.) The centrifugal: force exerted: onthe water tends: to :maintain an 
equal length’ of water leg on each side of the impeller, but the difference 


in pressure between the inside and: of the cylinder causes‘ a differ- 


ence in height '(h).. The centrifugal’ force’ on this'portion of the water 
corresponds to the difference :impressure between the inside: and outside 
of ‘the: cylinder,::: Phe! water: used ‘for sealing purposes; is-entirely..recov- 
ered and no loss of! frésh water‘octurs, » With: steam sealing, the admission 
of steam to the gland:is: regulated. so) that'no logs of, steam. or condensate 
occurs, as in the of the seal, steam. 
passes main: condenser;! ‘When, t amount of steam, nce n 
adjusted no further. regulation is necessary, as.thg conditions in, the. land 


| 
i 
| the boxes to which these nozzle blocks are bolted forms.an important -fea- 
turevof the turbirie; Owing to the large e of temperature and ‘pressure 
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Fi; ib the, ‘turbine shaft. It: 
consists unstable governor .in ‘which the. weight, having \its .center; 


of: small: distance, from the opposed 


such strength «that: Ay iitsts less:tham the in: 
ridue :to: the weight. movirig further: from: the 
center of rotation: Since this:force is; Ammediately the weight 
begins to move’ it flies:out aniditrips the emergency: valve, through, the 
agency of stich :governors provided on each shaft: 
Relief -valves:are provided: on' both igh low-pressure cylinders:to re- 
iliaries,. pat bua: 36 
«(The smain: ‘bearings are- separated! from “the glands, by 
chambers which apaprate the cylinder from the bearing housings.and cas- 
ing, and in which» the ‘parts requiring lubrication are ‘situated: The) covers 
ot: the ‘bearing, headings be readily; removed: without disturbing any 
other: part the The main: bearings spherical, ‘are 
and on top and bottom: steel pad! is orovided: under which there are 
liners: of :varying. thickness, thhs enabling the shaft to ‘be adjusted in any 
direction for: allowance; for:'wear, A’ ‘thrust ‘collar. is! pro- 
pay on each to maintain correct alignment: relative ‘to -the: cylin- 
Lubrication is! ieffected,by a combined :gravity and pressure system. 
positive rotary pumps direct-eonnected to the intermtsliate-gear shaft- 
ing deliver oil tothe! supply:tank, from which oil flows: by gravity to the 
bearings. valve is: also provided to ertable the be delivered direct 
to’ the bearings if:necessary. | Oilcoolers ate supplied induplicate.:. The 
turbine shafts are:coupled directi to! the gear 'pinions-by, flexible couplings. 
The gearing is the product ofthe Power Plant Company, Limited, West 
Drayton, and: is the: double-reduction: helical! type, giving a reduction 
of 43 to two-sets gears;6 to Land 7.1; to; 1,, respectively. There are 
two independent high-speed trains:driven from: the high; and low-pressure 
turbine spindles, ;working.on toa common wheel for driving the propeller. 
The ‘high-speed. pinions dre: of;oil-treated nickel: steel with 334 >to 5 per 
cent nickel, and: 25 to .35 per cent carbon. The high-speed. wheels are 


built up from forged-steel rims shrunk:on and otherwise securely fastened 


to cast-iron disc centers. The two. low-speed pinions are made. from 5 
’ carbon steel, and are solid with their:shafts, which carry, on a swell por- 
tion-in the center the high-speed wheels. .The low-speed. wheel is. usually 
of cast steel with forged-steel rims shrunk. on. |The main portion of the 
gear case is one solid casting, with which are cast:in one all: bearing hous- 
ings: The: casting is ‘made: with box: shapes right through with. flat outer 
surfaces. This construction insures great rigidity with comparatively low 


weight. | High-speed: and intermediate-speed bearing: housings lie: in the 


same horizontal plane} the low-speed bearing housings’ lie ina lower plane. 


All necessary-oil passages for lubrication of ‘bearings and gears are formed 


in the: body of: the case; where) necessary litied: with brass tubes; ending 
bosses: at ‘the outside; ofthe gear case into which: are, strewed substanti 
gun>meétal unions.) The gear:casé cover is»made im five! separate :pieces any 
one of which ‘can be removed without: affecting the others; Oil! for:1 

tion is féd to the high-speed: trains bysmeans) of: oil shields;:‘which: insur: 
uniform ‘distribution with:either! direction: of rotation: ‘The low-speed: trains 
are lubricated-by means of sprayers; which are ‘easily ‘removable.’ All’the 
oil fromthe main’ ‘bearings’ aud gears'drains! into the bottom of the: case; 


from which ‘it “from tie oil ‘pump, ‘strainers: coolers: back 


the supply tank.” of 


The condenser ‘is’ with” 2,118) test! of! 
surface, and’ with water flowing’through the’ tubes! It is 
direct to the exhaust oer beneath the low-pressure’ ct 
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cured to rolled brass plates bv means of screwed ferrules and tape pack- 
ingss The ferrules are ates to’permit’ freedom for on and 
4 be creepin abe tes are are Sayed The the and 


cor; 


GOES 
aay at Bist ai 
bed 
a 2A 
yor 
WG 
A 
* 
‘ 
ay 
thant 


by: rysdale Company; Led,,'and wit steam’ 100 pours & J) Weir, 

ees F. superheat, and28%4-inches' vacuum with 30 


total weight of turbines, gears, condenser and pumps is oe is 
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CAST STEEL ANCHOR ie obser et. 


CHAIN:* 
bas 29 ais 419i boweie io ensom vd bellot o} bates 

Wrodghtiron ‘chain, “either "hand: ‘or. stean welded, has. been 
almost y in ships to ild steel chain has been 
tried, but has so far eed either too ductile.to retain its form under 
stress or too hard to ensure reliable welds. 

General Electric Company's Experi nts —In. their first attempt to make 
cast-steel chain, the General Electrie-@ “used electric-furnace steel, 
adopting the die-casting process“ with Ids. The links produced 
were perfectly sound and of finish it was not found practicable 
to develop this process for. ] luction for the following 


reasons : 
critical time, while the 
id ds longer the the rake 
ue to the core being soli mo jopened too quickly, , 
being in a plastic state tended.’ i 


They then a le afnou: and 
cores, experiment eat} treatin ni otomicr: phs, and even- 
tually obtained pole’ at ‘at from tc 


above wrought-iron’ chain. ‘The’ firs ‘of t thesé links were tested at the 
Bureau of Standards;-and“some~ ested at a later 
date at the Charleston Navy Yard. In the intres tests fi cast-steel links, 


2 inches in diameter, were used; three of the, links had been annealed . 
at 850 degrees C. and cooled in the furnace, and three links had been - 
heated to 850 degrees C. and quéfiched'ti*waterii The links were tested in 
an 800,000-pound chain-testing machine with the average results set forth 
in the next column. 

Before testing, each link was subjected to a _ stress of 145,400 
pounds, and none of the links showed a ne age le elongation. The 
— was slightly less tian. 2 the. origina) length 11 13/16 


ist. an 


It was necessary to open 
metal was congealing; if left 


Sulphur. Silicon. 
p-c- ? 


Annealed links ......... eo. 0.3 0,034 0.02, 0.14 
Quenched Hinks. oO. 027 15 


The general Génclusions from these tests were that the quenched link 
wa’ somewhat superior: ato the: anneaied:link: and that the of 
both was much in excess of that of wrought iron. In all these links the 
stud was cast in. 


Following this a-series of comparative ——— and bend tests were 


carried jout on separate links,of, cast steel an The 


general 
conclusion these tests that: they “had little  telative: value; ‘or 


et aqmuq bag 21899 ~omidint to tetot 
before 


de 


OOS Breaking * Total ae. 

Nore—The breaking. test\ for a chain is 225,702 
The chemicat analyses made from composite/drillings taken from the 


National: ‘Malleable! Castings ‘Company’s' timie the 
subject :was' brought::to: the: attention: of the: National Malleable Castings 


the: problems! of: cast-steel-anchor and knuckles: 

After exhaustive tests: and: éxperiments:;some years ago this: 
had developed a special electric: steel, which! combined: witha high: tensile 


of 12 static: seh The matic 

tests covered the sizes:of chain above mentioned, and: wert: largely upon 

Naco tast-steel: chain: orily.:i The: dynamic, tests covered the. 2-intch; chain 
only;:and included samples) of: commercial and’ 

the Charleston: Navy’ cast-ateel ;chain,.; The primary 


general conclusion ast. che 
not only fulfilled all the requirements of a good anchor chain but was 
superior to welded wrought-iron chain. The Committee of Lloyd’s Reg- 
ister of Shipping immediately sanctioned: the) use/of this classed 
vessels a the Emergency Fleet C Corporation tion has o rdered a considerable 


: | 

: -inch, 2}4-inch and 27-ineli-chain; including both: couplets of the common 
link of each size and theiend combinations: of special: links: and: shackles. 

‘These saniples were:made.of Naco:steel-arid were: tested on: March; 1 and 

| 2, 1918) at their Sharon plant. Briefly, the: results’ maybe summarized as 

iron chains of corresponding sizes. | 
| Of the: four. different-sizes of; Naco chain, tested, statically, the, 134-inch 
chain showed ‘an average: breaking load about Ma Ci- 

_ fied breaking load: of wrought: chain,’ the) 2-inch-¢ showed 86 per) cent, 

the '2/4-inch showed 75: per cent, and the 276-inch showed 77 per cent, or an 

the dynamic: tests,: consisting of- tensile shock, tests applied through, 2 | 
_ Master Car Builders’: drop-testing: machine. to,.short sample 
chain; ‘the :;2-inch commercial wrought-iron’ chain in, three; tests, avers 

142,680! foot-pounda,, the, Navy. Yard wrought chain in. two tests, averaged 

623,200: foot-pounds, and the. Nato test, steel, chain, in three tests averaged 

1,902,400: foot-pounds.:: These figures, do not, indicate the ntimber of foot- 

energy: dissipated» in: other ways but ;;may -be; considered. jas..a | 

comparative basis for determining the relative shock-absorbing capacity. oF 

the \different: the./figure as_ the: basis for. commercial 

i‘ wroughttiron’ chain,:the Navy Yard. chain showed. 4:3 times,,and the Naco 

cast-steel chain 13.2, times as mach, capacity for resisting,a' jerk, shock, of 

| | 

ing methods have been tried, by some,of whi ernate precast 

one time; ‘while other methods. again are’ adaptable 

A good ‘deal of’ controversy has. aris’ | 
of ating On the sal or om the aie of the Te! at ty Be at | 

good Tinks have’ been’ produced by dither.’ The ‘stud being the! Teast impor- 
tant part of-the link, any defect caused at the gate thé ‘satite 
importance as it would. be.on the; side,.;...... A soled hast * 
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It is: considered most: desirable that :only dry sand. molds ‘and. cores’ be 

casting,’ especially in the: smaller 

Heat cast+steel Salen to: “the: 
heat ‘treatment as. Naco: car-coupler knuckles. this treatment: the. links 
were’pldced traveller slowly passed: a) heating furnace in 
which the desited: heat is! automatically ‘controlled: by' special: contracting 

ometers,” At«the discharge’ end this' furnace the -linkS are dropped 
Quenching: tank of “water and. ‘after: quenching rane atomly 
(furnace on ‘a'second traveller. 

the treatment of complete lengths of 15: of 
tions! in thé’ arrangements: of ‘these furnaces and quenching tanks will, of 
course; ‘have 'to “be made! but: it’ ‘is undetstood ‘that this ‘has already: heen 
worked out by the National bescae Castings Company. 

SpecificationsFollowing the first series :of -tests at: Sharon, ‘Lloyd’s 
Register ‘of Shipping! prepared: specifications. ‘of ‘requirements for ‘electric 
cast-stéel ‘anchor chain intended used in classed vessels, and these 
specifications with ‘some ‘slight reviston have) been ‘submitted to Commit- 
tee on steel of the American Society ‘for Testing: Materials.. 
Tt’ was ‘not considered desirable: to ‘lay down: any: ‘specific ‘requirements 
with tegard to’ manufacture;' but to commence with it ‘was thought neces- 
sary’ to’ linrit ‘the application ‘to ‘the ‘electric ‘furnace’ process, to require 
the ‘tse’ of sand ‘molds’ or ‘cbrés;: ‘and: to: subject: chain heat 
treatment. 

With’ regned the: physteal decided to: take advantage of 
the ‘highér’ tensile ‘strength ‘easily: obtained in cast steel, and! to specify ia 
proof load equal to the present breaking load: of ‘wrought-iron chain and 
breaking load 40° per' cent excess ‘of the present breaking load. ‘This 
provided a considerable margin’‘of safety at little or no ‘sacrifice, since 

‘to 'the importance of ‘weight/as'a factor ‘in anchor chain it - 
permissible tomake'a corresponding reduction:in the diameter. EM 
Sufficient ‘data’ were not ‘at’ hand to: specify: shock ‘tests forall of 
cable, hor’ was it’Cotisidered necessary in the présent’ state of the develop- 
ment to’ insist on ‘any particular'form of shock test for: general’ applica- 
tion! ‘It was therefore ‘decided to cover’ this» test in.ageneral manner in 
the ‘such: that’ the’ classification: societies may specify any 
f'crticial or cottimercial 'tést considered: necessary to determine the 

tesisting qualities of the material.» 

18 "Tithe ‘ease ‘of the chisin to: be made’ bythe: National ‘Malleable Castings 
Company, test pieves' from ‘each shot of ‘chain ‘mand factured ‘will for the 
presetit' 'gabj ected a’ Master Car’ Builders’) drop test: based» on the 
average results obtained with good wrought-iron — of — size 


FI fis 
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MANUFACTURE OF CAST! STEEL CHAINS? 


-was, invited to, in experimental, development of 
inl the first problem which required attention was the work cing, out 3 


foundry methods. for. pagducing chain in, sand ds, and 
them into of A number 

cessful equipments: for, sole the result, our, of. whi 

are-shown, on. page 854. ig: fo pus tee 
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ways, the continuous process, in which the entire chain is poured from 
one heat, into previously prepared | ‘Hhited filling one inter- 
linked mold impression after another,:and the pre-cagtelink process, in 
_ which half the links comprising a “gomplete lets Tenth of chain are cast 

separately, shaken out, cleaned, insp ready for incorpora- 
tion into the finished chain. Subs eqtient Hy, he latter links are placed in 
mold cavities and coupled up into continuous chain! by. pouring metal into. 
other molds containing impressions for similar links, interlinked with the 
pre-cast links. Any of the illustrated: methods of is 

applicable to the continuous process or the pre-cast#! 

Another part of the foundry problem was the- Gace of of the mold, 
Recognizing the vital importance of ‘Sound castings) ia product of this 

character, we came to the conclusion quite early in our experiments that 

all of the*links should be produced in dry:sand molds. The methods of 
application. of gates and risers have also required some study, and we 
have been able to obtain excellent ay both- in pobising through the 
stud and through the side of the 

In our preparations for manufat the method of 
_ heat-treatmentqssed for our knuckles to 90-foot shots of chain 
has involved some problems, but these have been coca the process 
will be practically idesitical in method arid results. 

How Tests Were Conducted.—Referring the results of ) tests on 
cast-steel stud chain, we felt that the testing facilities at.ou Sharon Pa, 
steel castings plant, used principally i in the manufacture of, car couplers, 
were well suited for the carrying out of further tests: which seemed de- 
sirable after the last experiments at’Schenectady. Our suggestion having 
been accepted, we made plans to have ready as many different sizes of cast 
chain as possible in the short time available, and succeeded in - ‘preparing 
short lengths of 13-inch, 2-inch, 24-inch and 274-inch cast-steel chain, 
ready for test on March 1 and 2,‘at our Sharon plant. 

The tests were conducted on a/ vertical screw-type’ static testing ma- 
chine of 1,000,000-pounds capacity and a standard master car. builders’ 
drop-testing machine, The chains subjected: to static tension tests were 
supported by coupling each end link of the test\chain to the cross-head o 
the static testing machine by means of a tésting shackle.and pin. 

Test chains consisting of five common stud links were subjected to a 
light load. sufficient to reduce high bearing spots between adjacent links, 
which was. then released and a measurement over the three middle links 
laid ‘off. The elongation over this measurement was then taken at load 
corresponding to the proof load, the breaking load, and the breaking load 
plus 40° per ore as spécified by the ship classification societies. for the 
corresponding sizes<of wrought chain). After t Tere three loads had been 

applied, + released, and ‘elongation measured, a load of deptrwetion was then 
appli 

Dynamic Tests Made, test chaitts: ised in the drop teat 
were all of the 2-ineh size and consisted of five §tud:links ea 
chains were installed” in the testing machifie by conné the upper 
in a shackle bar and the lower | in, an equalizer: by means of 
shackle pins passing through the eye of each link, "This “arrangement is 
such that a part of the energy of the falling weight is transmitted to the 
test chain as a dyndmic tensile stress. Fhe overall measurement of the 
middle three links of these test chains-was laid off as in the static tests 
and the elongation measured after the third blow from each of the 
specified heights. The weight of the tup was 1,640 pounds, and this 
weight was allowed to rest upon the equalizer when readings were laid 

out and elongation measured. In all these tests the numbering of the 
finks was upward, commencing with the bottom link as No. 1. 
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«Table. shows the: results of iall. the static terision tests and: ‘TableilID ‘the 
results: ic tension tests.;;. Included among: the dynamic tests 
are tests. of: inch. National -Mialleable' Castings ‘Comipany 
steel chain, but also certain tests on the same size:specimens of! comitier* 
wrought-iron chain, and: samples::from the Bestoa The 
ollowing; details: ofthe tests are: of especial interest 
Results of Dynamic Tests—In dynamic test 2-inch: Nacé steel 

» Chain .was subjected to:three blows at: 5 ‘feet, three at 10° feet, 

three, at 15 feet, three at 20) feet, 50 at»25 feet and: 20) 
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Beole Wo. 1 tink thronghi weld, Cain 2 
ter, this. severe, treatment, . 
elongati over the aks ‘measured 0.86 inch. This chain was,then trans; 
som, the. drop to. the static, machine. and, 
d, breaking load, and breaking load plus 40.per cent, after,.which; the, 
ingseased to 452,700. pounds, when the No. fink, broke,’ showing 
sell sections. ong a the fractore good esd tt to - 


ected, fo, three blow eet, three, at. 
20-feet, 10: at, 25. feet,:10.at feet, and 20 at 35;feet. |The elongation over. . 
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three ‘links. was 0.72 inch with no:signs ‘of: fracture, after which the chain 
was submitted to the same>static loads’as test No.4; and? broke through 
No,.3:Jink at He pounds, showjng ‘solid mmetal at the fractate but" with 
a small, shrink at:one side: » 
dynamic test No. on'2-inch the: 40 
three blows at 5 feet, threat! 10: fpet, thoes feet thiree lat: 20 feet, 
10..at 25,féet).and two at 30 feet.o 
Theotest: was: discontinued -at: this: of ‘elongation 
in’ the chain, which. permitted the equalizer*to interfere with its support 
and made it impossible to deliver the full blow to the chain. The elonga- 
tion over three links was 3.85 inches, and each of the five links was slightly 
fractured in one or more -places. «After: the-third blow at 20 feet the 
elongation over three links was 1.32) inches, and after the third “blow at” 
25 feet it was 2.08 inches. Undoubtedly this ‘chain was out. of commi = te 


on account of..distortion so. far ii afte 
third blow at 25 feet. * 


chain, were made on test specimens having serious dirlaknata oi on one isso 
“No; link: opposite the: stud, for the purpose, of determining the 
of these defects. In test No. 13 the defective, link broke through 
nei defect at 502,400 pounds, and in test. No. 14 the.No. 5 link broke at 
,900" pounds, showing solid sections at the fracture, The. second chain 
was rétested, ‘fitially. breaking through the defect in No. 8 link at 502,200 
potirids””’’While ‘tieither of these chains would have been considered suit- 
comimercial’ purposes and the defects would have been readily 
detectéd’ a casual’ inspection, it ‘is quite interesting to note the, 
effect of the imperfections;. 

Great Progress Mode.—Some ‘reference should be’ madé to Gur ex- 

ence in’ the railway car-coupler field: during the past twenty years, Fr 
reason that “experience has .made.,. possible: the..accomplishment of 
results in the cast-steel chain problem in a few weeks which otherwise 
would have taken several’years to attain. 

“The knuckle of the Master Car Builders’ vertical-plane type ‘of coupler 
has involved a very serious and difficult’ problem, ‘particularly in the past 
ten years. Since the adoption of the standard Master..Car Builders’ or 
tour for:that coupler in the' early ‘nineties, a-standard which, because of 
the requirements of interchangeability, has remained ‘substantially without 
change up to the present time, there have been: enorimots increases in 
locomotive. tractive effort, size and weight of car and:-tonnage 
hauled per train. The limitations of the Master Builders’ contour, 
formed partly, by the coupler head and. by: the knuckle, have i 
certain fixed dimensions upon’ the ‘size of the hub: of. the knuckle, its 
weakest point; which have’ effectually barred any substantial increase in 

on..... The. stress to. which. this hub: section is. subjected. is really - enor-_ 
mots, the knuckle, which. is. in ‘the forti\of hook: pivoted at its “nid. 
dle, transmits not only the entire tractive effort of the locomotive in pull- 
ing the train, but also receives shocks of great suddenness and intensity, 
both jerks and buffs, due to the surging of trains, the runting out and in 
of “ slack”’ during” application ‘and release: of: brakes, and ‘in coupling’ by 
impact. Dynamometer car records have shown time‘ and again that these’ 
pulls ‘and buffs are frequently many’ ‘times’ in excess ‘of the: ‘tractive effort 
of the Tatgest’ modétn lécomiotives, 

Notwithstanding the- evil ‘effects: ot distortion’ ‘pr 

maintenance. of contour. it. has felt. for ‘years’ that ‘nothing le 
material with‘ ‘high’ diictility: would be ‘capable of: receiving these ‘severe. 
shock ‘stresses. © Part Of the basis for this feeling has been the'theory that’ 
avery ductile ‘ma would, by its elongation; absorb’ some’ the shock: 
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save ftom re, but.the difficulty, with. 
ond cm infer: the limit: of 


material 
tandard, Steel Coupler. ‘possible. ‘solutions :for: this problem 
presented. themselves, the use ofa. special -material with much -higher 
capacity to resist both’ static and; dynamic: stresses, and: the; adoption of)an, 
entirely new and heavier coupler with modified contour, having sufficient 
sectional areas to make resort--to--special materials unnecessary. The 
latter method was followed by joint action of all the coupler manufactur- 
ers, undef “the ‘initiative and ‘jurisdiction. of ‘the Master Car Birlders’ 
today, ‘or séven years’ development, we one 
coupler, somew eavier; very. stro with 
open- ea hs tee! 2 @ 
Investigate, meantime, ithe of the 
problem, and of time involved in developing a stand- 
ard coupler, we began an’ exhatistive: search for a:suitablespecial material 
to: usesinsour knuckles. In the-early days: we: started: making couplers: by 
the :acid open-hearth procéss, later chatiging:'to: basic, experience 
with both these: steels:‘led: us to beli¢ve: that 'there:was no‘ possibility: of 
increasing: the 'tensile::sttength: sufficiently “without loss ‘of: ‘ability with~ 
stand: shock which would: only 'résult ‘in ‘failure to withstand the required 
‘Builders’ drop!tests, which ‘tended tocompel the use’of.a isoft 


with high-earbon steels ‘heat treated, and later with alloy steels. Marked 
improvements’ in tensile: strength ‘were the result, ‘but’ the ability to:-with- 
stand shock did not:increase:and ‘in*many cases ‘was ‘diminished. 
we afrived ‘at'a special material to which we later gave the*name: “ 
withstand) shock.:' 
his kemuckles, has’ ‘thelr’ elastic 
limit more ‘than 225 per cent, and their 
100: per: ¢ént, over ordinary» open-hearth amount’ of” shi 
which these knuckles ‘will ‘take without: b ‘or’ serious ‘distortion is 
beyond: anything: in our ‘experience,’ and: we’ e ‘been! ‘able*to'develop a 
specification of ‘our own, along the lines ‘of’ Motor Car’ coupler 
specifications, ‘but calling: for only: half the amount of! knuckle: distortion 
with the same: amount:of the drop ‘test, ‘a: feature of the greatest: 
advantage in: ‘the maintenance of proper: contour! in service. 
-Ourinspection department’ is using: this Motor ‘Car Builders’ 
ing: machine’ daily» in the acceptance: or rejection: of! /our ‘knuckle steel 
heats, ‘and: make on the average of 3,000 tests per year. ‘The performance 
in thisomachine is)borne out inservice by the record: of more thar 1,000,000 


knucklessir ‘use without “report! from any: railroad ‘or ‘from: our’ road 


service department, ofa ‘single: 2 since: 
period” was’ passed;) °°) 
problem and that of cast-steel chain as we understand it; that we wereuble 
start‘at'a point which otherwise must’ ‘have taken: yedrs’of study and 
development, ‘with: the results set forth’ In’ our opinion, a proper specifi- 
cation’ for! cast-steel' chain would require! the: making’ of ‘links’ in‘ dry: sand’ 
molds'or cores; but ‘other details of manufacture should’ be left 
with the! manufacturer: For the’ chemical requirements; the’ 'steelshould: 


be’ 'made* bythe: electric-furnace process; ‘with ‘phosphorous and: su 


limits:of 004 “per ements? be 
sufficiently’ tO ifistite sot ai | should: embody 
test leulficiently severe to of the: steel to withstand shock 
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beyond question’ of ‘doubt. Fot''this” puirpose we believe 
Car: Builders’ ae presents’ the 


_ readily available commercial machine, anda shot 


test ‘chain simildr *to’'the'tests' ‘carried’ but ‘at‘our’ Sharon ‘phitit' sees to 
be‘as‘closely tepresentative the ‘service’ to’ which afichor sub- 


asiques wresed bas won yloitias 


ANUFACTURE, AND OF "CAST: STEEL 
CABLES... 


ping: ts “AnD PRESENT 
to the-gvehtidemand for chain cables ‘and: thé sbotiage of! wrought 
iron suitable for their :manufacturé, suggestions have from time ‘to time 
been imade to mani:factute them :from steel. The first’: ‘proposals were ‘to 
take ‘them from solled:-mild+steel bars in a: 'that! by 
which wrought-iron cables ate by welding  éach ‘link separately: 


_ by, hand, .Attempts| in this, direction shad :been) made, many -yearsiago:in 


France,} and one ofthe assistants to this Society's Ship: Sarveydt 
witnessed, ‘some, tests of chains: made lin‘ this: way:': Phe general’ opiniow 
to, the \¢fficiency. of welds in steel is: that the higher the: tensile:strength ‘of 
steel used, the ‘less'reliable the weld wilf;be sand: as»the security: a chain 
depends upon: the: reliability,of eachvand jevery: link: sin‘ it; the steel chains 
it question:were: manufactured: from very isoft:steel. On: testing chains 
so made, it: was found, that although: the tehsil strength*ofthe isteel! bar 
used was somewhat in excess of that of good wrought iron; yet! the: soft 
steel yielded ‘much:imore than irom under of: the 
chain were.distorted, axid. locked; themselves together, and<so:rendered: the 
chain: uselesa,:long before! breaking: stress: «was: reached. 
facture, of ‘steel, chain: was. , orecabandoned Jat: thatitime. 
5 Im December, 1915,-two Amportant Ameri¢an: firms contemplated: making 
chains, of -mild, steel, and. ‘asked the’ Committee of |Lioyd’s Register to 
sanction their use! for ship stated:that steel. chains were 
largely made ‘in the: United States,:and: usedfor slings and: for: many pur~ 
poses other than for. ship’s cables: After some.correspondencé, hawever, 
the» companies \interested did! not proceed ‘further: with their: proposals, 
In» October, 1917,. the, matter | was; again: by! some: Americaty manu- 
facturers; the Society’s; surveyors: at) Yorki were: informed .-thati 
before’ steel ‘cables: could be: accepted for, use sin. classed | vessels; crucial: 
tests: to: prove itheir suitability: would) have to cbe:made. 


tests» were; suggested iby 'the: Committee, ‘and ‘approval was: ‘the: 


tests to be made in America and ‘witnessed by the Society's» 
there;.Nothing further vappears: been: done as:regards 
chaineables from 22 Yo bers 
December, -1917,:a xepresentative large ‘American, company, -who, 
was,-then: in :this country, :stated that his company was proceeding; with, 
the; manufacture of ship:chain cables from ‘cast steel, made. by. the electric. 


fProcess., He meritionéd that by: cables could; be 


thade!.in' a quarter: of; the time taken to, make; ordinary: chain: with, welded 
links, ‘and. that,..in: dddition,' there -wasia great economy, labor. by:dis-' 
Pehsing with that employed inthe piddling processrof making 


ironsxand in rolling: the: iron jimto| bars. ;-Heiwas given; 
requirements chain 


to the approved shape dinks 
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cables,;,From a lately been recived from the Society’ 
company’ submitted the 


In. 'the® pe ‘considered’ by the’ Committee of Lloyd’s 
Register ‘be advisable to! have’ expérimerttal cast-steel’ chaifis'madée 
in this coutitry: “A’ method of molding’ them cothparatively’ 
labor’ ‘was’ ‘devised ‘by’ the Society's Surveyor, and’ of 
the steel ‘was asked mittee’ to ‘make 
ples f of tésting) steel of different of hardiness employed 
the samples ‘in order’to determine the'grade of! 
‘for the purpose: Some’ samples ‘of three different ‘sizes ‘atid 
t grades’ of steel’ were made by the firm, the Tinks hav the atu 
cast’ in The samples were’ tested’ at' the’ Netherton ‘Prov 


RS 


The" restilts °showed that''a moderately” hard Say: ‘with'‘a ‘tele 


trenigth’ of about’ 34"tons ‘square inch; is the most” suitable ag 
d that soft steel hot saitable, ‘con the conclusions 
nts’ with chain made’ from! ‘rolled 
yetimens weté unsound; but! the: experimients” Sime 
chain’ ‘ables made by’ casting the'T one another,’ each’ litle 
having its’ stud an ‘integrat ' part ‘itself. 
“Int March, 1918, ‘the ''Society’s surveyors ‘at New’ York by ¢ 
that-another' i mportant | Amefican company had' developed the 
‘of ‘electric’ tables) and’ that’ submitted ‘samples’ of four’ differe 
sizes to very‘ Severe tensile’ and ‘shotk tests, the results showing the ténsi 
strétigth to: be’ from to: 93 per dent Over‘ that required by the statutory 
test, and the! resistance’ to’ shock still greater’ than’ these 
The, results being so satisfactory, the surveyors recommended? that ‘the 
ttee’s should! thé use of ’guch' cables 
the receipt of full® report. “This ‘recommendation’ ‘was approved by 
Committee. detailed report’ ‘low “heen” received, ‘from which ‘it 
samples in’all were tested. ‘Omitting the ‘results of two OF 
¢ which’ appear’ to’ faye ‘been’ imade ‘from soft’ steel, the tests) 
that! the breaking’ ‘strain’ rani from: 59 to 105 per cent above the 
‘wrotight-iron ‘or from 38 percent ' above’ 
etigth’ of high quality’ wrotight-iron ‘Tn ‘some impact 
dé' to the links Crossways, it ‘was’ found thatthe on 
éx ‘the Sathe' ¢onditions. ‘all’ the: tests’ made, ‘with the’ 
series of. tests; the’ steel! chains’ showed® ¢onisid= 
advantaie ‘over iron’ were of the same size? th the cross- 
fests in ‘ques: the’ parable, 'the” 
chains’ tested h d' shorter ‘this e an 


| fe SUN peing 1m an annealed condition, three ‘Havin; 
been, subjected :to:.a, special; heat treatment. The: results of:all six: tests 
were. nearly identical,-the; mean showing -a: breaking strength | 146. toris, 
1 the statutory breaking test for iron cables of the same size being 100.8 
tons. In these samples theistuds: appeartothave been- cast with the links. 
| The excess of strength of the cast steel over the statutory breaking test 
of ‘wrought-iron ‘chain ‘was’ 45 per cetit, ‘and’ allowing that’ wrought 
iron ‘chaity has a’strength of 15 pet cent above the statutory test, the ad/ 
vantage of thie ‘steel appeared ‘to be 27'per cenit above wrought iron.’ ‘It is 
the ‘report-that ‘the elongation’ utider’ the’ proof: ‘load prac- 
cally: nil; showing’ that’ the ‘material has a ‘much higher yield’ point ‘than | 
is customary’ for chain ‘iron. ‘The steel from’ which ‘these samples were | 
had’'a “tensile tons per’! inch.’ Its’ analysis 
| 
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advantage." The full report thus’ justifies ‘the tentative approval -pre- 
viously giveniby: the: Committee for the'use of cast-steel eables ; ‘arid ‘the 
further, question: of what-‘will be suitable tests: for ‘such cables’ is dealt 
with in the: second: section of this' memorandum. : “it ‘is | stated: ‘that’ the 
Shipping Board of the: United States: has awarded a contract of the: value 


The. ot iron. ‘intended to be British ships 
is regulated. by. the Anchors, and ‘Chain Cables, Act, which 4 prescribes on 
methods, of testing, and, gives, schedules of the strains; required: tobe ap- 

to..each size of chain ranging by. 32nds. of .an. inch, rom 7/16-i 
to 1¥g-inch in, the; case uns ie n. e. tests. prescribed 
Act have been. adopted by. the of Lloyd’s Register, as 
being suitabl the chain cables. forall classed. vessels of whatever 
main , provisions. of Act -that,.a breakin 


nationality. 


selection of. the .sampl superintendent, and, (2) 
complete length of ‘able fi finally, subjected to a, tensile 


Act contemplates that this procedure will be carried out in its. entiret 
delivery, of. the cable at a Licensed Proving House. 
he. breaking strains are devised as. tests of the. quality of. the ion 
used, andthe tensile, strains as, tests of the. workmanship, the. break- 
st, the tests of the test pieces, e 
tests.are arranged to subject. the.cables. to. highest strains which: they. 
withstand. without deformation. or JLess,.severe strains 
those, provided for by the schedule would ae of, the ‘use of, in- 
different iron or. of. careless, workmanship, whilst strains on the comp! 
exceeding the statutory. tensile tests..would be. likely..to. perma- 


nently, damage the chains, although. they might not,.break them... It. is 


generally, r d that iron chains of. ordinary. quality have an 
of 7% per cent and high-quality. iron, chains, an. ultimate 

strength: of, about 15 per.cent in excess of the statutory breaking, sirsine. 
In. considering, the. strength of steel chains. it..is: therefore. necessary, to. 
compare, them with this. excess and.not.with the scheduled breaking tests. 
As. steel chains. are so, considerably stronger, than.iron chains. the, tests 
suitable for the latter. will not be sufficiently severe. to-discriminate betwee 
good chains, and it, will: De $0: arrange for, oth 
tests to app. 

‘With. regard. to. the tests, of wrought-iron 1, stud-lirtk cables 
the Anchors. and Chain. Cables that the schedul 
giving .the tensile and breaking .strains forthe yarious, sizes of, 
recognizes that.large chains.are less. reliable in, proportion to. their. size 
than, small; chains... Asan illustration, .the: statutory. tensile, tests. 
to:all chains, up to. and including. 2!4-inch. diameter.is based. upon.a, stress. 
of 11.45 tons.per square inch upon the cross section, of links, For 
sizes above 214-inch; the tensile. test,stress.is regularly, lowered, until at 
the largest, size provided. for, 414rinch, it is only; 69, per 

inch; further, illustration, the statutory; breaking test for. all, stud 
link, cables. below..144-inch is..1.5.times,the tensile whilst: for:all 
cables, above 14-inch it is.only.1.4 times the.tensile.,..In wrought, iron. the, 
strength largely dependent. upon. the. amount.of, work put upon . in, 
making.’it into, ‘bars,.and the, material of large bars. is fore not .so. 
strong, as that of smaller bars of the, same grade of irons, his, is, recog 
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nized in, the. Specifications for various gtades,.of iron 
having one. ton 


involved, and 
inch: 


of fact, their) reliability: ought tox 

an accidental blow ‘hole would’ be | in a 

hone,’ Suitable tests) for cast-steel c 

schedule re: to for cables‘ up to: 2%4-inch 

iron’ cables. 

ot As the cables, i 

/chains, cast-iron studs are fitt 


Tall 


‘portions'of the links much smaller 
provide for all strength requirements, and the size of stud:which 
d will depend upon manufacturing conditions, ‘and “may be 
than aed of iton cables: It' is considered, however, ‘to be advi 
this for to the minimum weights now rewired 


all the Committee ‘has, after very’ careful 

ais come to the conclusion that, bearing in mind the requi 
Anchots’ and Chain ‘Cables Act, the procedure 
of ‘testing cast 


pe of all ‘sizes 
22.4 tons: and 16 ‘per’ square inch on the section of 
these stresses ‘being Cent ‘in, excess of those ‘required 
ct for, cables under 214 inches and over 1% inches 
ab ) Tt. is essential cast-steel_ chain cables shall be ‘properly’ a 
néaled after casting, and this should be the final operation’ 
In order to com ply with the Act, must 
- ection to the statut 
tog er by means of a new link. This can only be br eon done on the 
facturers’ premises, and as on new or joining link will have tq be 


seca annealed, as as shes cable, lengths of the cable 
must be ‘submitted tor the ‘se ion of the three-link 


alan. the pieces into: which. the rest of 
the the en, be es ry will, enable him. to. 
wards, identify, them, cast.a new: dink to. 
annegied Sample 
Proving, House, to, be: submitted te, the. breaking 


to abnglg to seu oft terto te beod 


difference; however, very ssmalli-as: compared: with the -figures! in: the | 

schedules. of test,.:as. a; proportionate: reduction: would only, bring» the 11.45 

E tons down to 10.9 tons instead of 6.9 tons per square inch;;:'The! great 
. reduction: inthe; rélative. tensile 'strain:made: in: the: schedule;is no doubt 

due:to ehé fact:that, inxchain making: hand: welding 4 
and that in the-larger sizes the welding cannot be so/reliable as/in:smaller 

they add to the weight of the cable: In th 

| 


satisfactory: the completed table will : thei tis dunt the Proving: House 
to be submitted to the tensile test, Assuming the cable’ ‘this ‘test, the 
procedure: will'bevat'ah end! andthe ‘length of ‘cable’ be‘accepted. 
Ifveither the breakihg‘or ‘the tensile test is unsatisfactory, the follow- 


ing: procedure, which similar 'to’that followed inthe ease’of-iron cables, 
must be!adopted:: enol G6 to, of 


id(a@) If thes breaking: test’ is ‘unsatisfactory, ‘ai second: three-linte: 
must ‘be'seletted bythe Sisperintendent,' cut out; and marked: The manu- 
facturer: will te severed postions ‘by ‘means of: or ‘more! new 


(thie Proving Ha the. 


prescribed 
fest, the whole length! will' be> rejected ;/ but iti satisfactorily withstands 


the test,’ thesiength ‘of cable-will be'isent to - ‘thie Proving: to ‘be sub- 
jected to :the:préscribed tensile; strains 6) Sinbeorfor oat moqn 
If.in a length: of cable submitted tothe prescribed: Stoain one 


or more: links ‘prove:to: be: defective, but notin such a'mantier as:to‘throw 


fable, will have.to be gain annealed as ai whole, and: re 


submitted: to the ipréseribed. tensile’ testi nt SDS rarit 

than! four eat of the inks: unde the strain, 

of ‘on: the, 

cons studs. 


These equrement ‘would necessi 


tl 


Act, it is obviously, desirable. that 1 
be sche as would be. 
rove: card of: e asa 
or superior to either. or the tensile. test sp cified: in 
ule may be gm for that test by order St th thi 
nittee, which has been in communication with. the 
the subject, has now pepeiton ed an intimation from’ the’ 


The following description from “ Power” is quite, ie 


the Watious devices that’ have’ beén “this 
y the Co.; 90° West'St:, New 


floating head at the other without re use of glands or packing. The | 


| A 
862 NOTES. 
| Ks, and then supiml whole length so united, and also the marked 
‘or: further 
4 
: doubt upon the efficiency of the other links of the cable, the defective: lmk: 4 
may: be cut out;dnd the, remaining portions: of the cable sent ‘back to ‘the 
| 
| 
: 
hain Cables 
Pg. 
re mai 
4 he Act 
st equal ; 
le sched- 
de tipor 
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swith: thie. 


thereby:; 


we. 


SAF 

our: isposgl ic: 


,aerona 


floating; its:of the'expansion: and!contraction ofthe 
without As ‘shown in Fig. well: as in 
1, the tubes are arranged what might be termed a. bundle with: the 
He surrounding a, center piece, so asi to make-a spiral or: helical. baffle. 
: baffle is made of sheet ron or brass perforated to ‘pérmit the insertion 
located near the outer, circumference. of the: bafiles is: order: to secure them 
-an-.equal crosd-section; of flow: df: the : oil 
“The lubricating. il, is. arculated ‘through: 'the., cooler 
: pump, flows through the shell and is ea into. contact 
surface by. meansjof the helical baffle... By \reason. of: this construction the 
is',a; minimum, ag, the helical baffle guides the oil in’ its 
ow, without retarding: its progress.to ‘any! appreciable extent.: It: will be 
seen that the will strike the -cooler: i angles, 
and. the relatively high velocity. of, the scours Not 
: only, the. tube. surfaces, but alao, the keepithe 
4 or of the cooler, clean, Furthermo pockets in 
| which dirt,can accumulate. The eooli the tubes, _ 
whichare usually arranged im two\or 
case it is_mecessary, to remove, the: bundle’ and baffle, be 
ling the bundle, out, of the shell,;, This can be-easilydone, ‘as: all-pipe 
connections. are. made. directly, to. the. shell itself. the cover 
plate on the. floating’ head, shown at, the: left of 3;.a0cess: may be 
gained .to, the, ‘tybe’s. intersar_without, disturbing. any .other: part of the 
| reason of’ the “old” ‘Wolseley-Maybach aero 
4 engines, the ‘design of ‘whith: was acquired’ before’ the ‘wat for‘airship 
gine; publication of ‘the’ somewhs mplete 

details ‘of construction of Zéppeli and their instalia- 
a tion, which» were collected? ander gréat ties from: the°retiains of 
found’ almost impossible at the ‘timé'to' conipile realty detailed teport 
4 __A and ‘more’ powerful type of Maybach engine is ‘now being used 
in service ‘by’ the which, ; to French ‘reports, develops 
: months several of the latest type of Rumpler machines have been captiired Me ae 
4 ‘Maybach ‘engines:’ The following’ report on 
the '260-H.P. '300-H.P; Maybach’ engines’is: based’ 
4 iled of the taken 
two-seater biplitie 180), asthe type. This was 

fe water pump, on January 18, 1918. = was, unfortunately, com- 


by: landing, ‘but the: ‘engine 


pletely 
After ‘slight ‘Tepaive this has beet into 


design: of” petrol pump: wi the 


high-altitude ‘carburetors;:: 

A» brief description of the -Rumpler 4 snd C. 5 type ‘aeroplane, in 
which ‘these new Maybach e ‘are fitted, will;no doubt, be 
of some interest: here. ‘Full details: ‘of: this ‘machine, however, have’‘al- 
ready’: been: issued report the ‘Section’ Technique de 
L’Aeronautique Militaire. ‘The’ Rampler C.° 4 ‘machine is ‘two-seater 
biplane, corresponding, more’ or léss, to our DH. 4, and'is generally fitted 


with a 260-H.P. Mercedes ‘engine. These: machines’ are designed ‘for long- 


range artillery reconnaissance and’ photography and até armed’ ‘with: 
_ guns—one Spandau fixed in “front of ‘the’ seat, fiting! through 

ptopeller, swiveling: gun’ mounted''m the -observer’s' seat ‘behind. 
A. two-bladed) air screw is fitted, anda’ semi-circular honeycomb radiator 
of. utiusual design is slung above the engine from the cénter’ section, 
These machines‘are generally’ flown: according’ to'‘report ‘at’ high altitudes, 
4. from15,000 feet to’ 17,000 feet—dantit over the firiés, and from’ the 


French reports, ‘the new Maybach engines aré more’ flexible and. 


egular in than the 260-H.P. Mercedes éngines; ‘and ate generally 
oresersed by the German pilots. 


Compared with the 260-H.P. Mercedes engines fitted in. these machines, 
the new Maybach engines are Faking ond with attaining am, increase of 200 
r.p.m. at altitudes above 2,000 feet, ‘and ‘also possess greater efficiency in 
speed and climb in,the Rumpler biplanes. . Total , iecight ‘of, the Rumpler 
machine by is approximately 3,439 pounds, 

‘The 300-H.P. Maybach presents seyeral unusual. and, interesting details, 
and. as compared with the old, 240-H.P.. Zeppelin-Maybach, .design,| ithe 
new. engines are undoubtedly great vement general .design and 
efficiency, The quality of, Bahl, og of every patty including, the 


exterior finish throughout, is exceptionally good, and the working clear- 
ances ate carried to, very fine, limits,. Compared with any of the types.of 


enemy engines, the workmanship is of. a very.much more 


finished nature;. every. vertheless, shows the usual German chat, Bs 
acteristics of mbined with standardization of 
and ease of in, the saving 198 weight. 


engine follows the s Maybach adoption, of a 
ad floating bu ‘little. sad. aring is, interesting. 


exhaust,. These ate, by mounted on 

in brackets fixed to.t 

rods.on:each side of, the cylinders actuated: by separate inlet and,exha 
camshafts. ,, The. camshafts plain bronze in, the. 


er bearings 
cylinder. heads,..as, shown: in 2 by; push 


| 


_ metallurgical analyses and: ‘mechanical tests of ‘materials and alloys used 

_ complete list of the details of the design is given in the various’ data 

ine - follows the usual German. six-cylinder. vertical type... The:com- q 
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bo Little alter ation has! been made the design of he massive crankshaft, 
which runs’ on ‘plain white-metal' lined' ‘bearings throughout, and> is pro- 


‘vided’ with’ the well-known ‘Maybach > pple centrifugal pressute: Jubrication 


‘system to the crank-pins, thence to ‘the gudgeon pins smal pipes 
inside the hollow connecting rods. 
_ The three separate and detachable-gear oil pumps, which are situated 
in the bottom. of the base chamber, are soa new design. The pump-driving 
shaft at the front.end is driven through a ratchet gear 'scav- 
pump, apparently with the object. of preventing 
re in the event of 
ble-acting, oil-sealed petrol pump: unusual 
This he is driven off an extension of the main oil pump ey the-mest 
end--of the base.chamber,..and works, of is cony 


ere separate carburetors. These are of the wel Lsoencdbsybath type 


have been only slightly modified; they are veka as in the Zeppelin 


_ engines, to the front and rear cylinder water jackets, + A-full of 


the functions and workings of this interesting type of carburetor is i iven 
towards the end of this report. 3 
well-known Maybach ‘induction type starting. fitted, | but 
is slightly modified. in design, The while of the induction system) ‘and 
the oil-condensing crank-case ventilating system is an interesting — 
in-the design of this engine, ot is also the method of attaching |the 
-hub. driving: flange..on:the tapered: front end of the camshaft. 


Practically no alteration has been::made to the general design of 


very simple and efficient type of water pump, which “delivers directly 
into the bottom of the ‘tear end carburetor water jacket in the 
Maybach engines, Ignition is by two'Z,H. 6 type Bosch. mignetos, which 


are driven: directlyoffthe-rear ends of the camshafts ; of the 


sparking plugs in the cylinder heads is a point of interest se with in 
detail in the following description. _ 

Cylinders.—In fison with the Zeppelin-Maybach engine the cylin- 
der of the new 300-H,P. Maybach engines are of very much lighter con- 
struction ; ‘and, as will be seen from the photographs and" sectional draw- 
ings, are.of a wonderfully clean design. Each cylinder shows Practically 
a rectangular view from almost any point of view, ‘with no excrescences or 
extensions, The whole construction of the cylinders;-and: 
rere of the cylinder hens ‘presents many interesting detai 
of desi 

Refertilig to. the sectional drawing , Fig. 10, page '866, it, will be jen 
that each’ ¢ylinder | ia] ‘built up of a ‘thie steel barrel, machined and ground 
to 165 mm. bore, and machined on its outer surface to a thickness of 3 
mm, The thickness-is increased from 3 mm. at the bottom of. the water 
jacketto 4.5 mm, atthe cylinder base flange. 

Into the-top ‘of the»cylinder barrel is screwed the cylinder head, which 
is of’ cast-iron. A detailed sketch of this screwed joint is shown in Fig. 
1:. The screw thread, it will be noted, is 2.3. mm. pitch, rare thread. 


‘design’ of the heat and of wae 
— round the twin’ inlet and exhaust valves is unusual, and the dot 
‘inlet and’ outlet water connections between each pair of’ cylinders ‘are of 
new design, sparking plug bosses are somewhat inaccessibly Situate 
‘space between the'two cylinder-head water he in Fig. 


sides cylinder | 


two: semi-circular ‘bosses which cast’ on 
water joints are provided for the attachment < 
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| 
| 
| 
| 
| 
+ the top face of the screwed portion of the cylinder batrel. “THé bottom i 
4 of the cylinder barrel extends only 3.5 mm. ‘below the base flange into | | 
| 
| 
a 
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fixed: to i front: and :irear -tylindess: 
into these bosses!in.the for thei dnterchangeability 
‘of the cylinders,:these holes are drilled-inievety cylinder; when the cylipder 
4s) mot! assembled: the sear, they are, plugged :with; brass.grub 
boisutie ots dotdw lio bas oT 
ott” wat to odin sand oft to 


w vabhifys bas 


f 
Yo 


Bo sit soci 


thor 


er_ connections cy rs. are. made 
cylinders, of. the, Zepplin these... were; provided swith 
jone,, large , water. joint, 5 inches er, ‘between. ach’) pais of,water 
‘ets, ‘which was, an extension, “ head... cylinder 
of ‘and. were. fitted. with two. inlet and: three 
nal 
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Pockets 

townd ‘the center: portiom each« 
ov The:walve gitides least :in-the cy linder- 
bushes’ ‘pressed into» position. 
full length of the guides:as the jinlets do, but are: 
10mm.’ from: the :bottont of the: guide; so :that they are: ptotected: from. 
the hot a-further: precdution; seizing; ‘the: diameter iof 
the bottom -of:the: exhaust: bush 
room to expand, robin Sit 

“Contrary to the usual German practice building up 
of sheet steel acetylene-welded at! thé:joints: the water ‘iackets are:mactined 
from cylindrical ‘steel forgings; which; as shown:in' Fig’. 11, areiscréwed :on 
to the flange machined theicylinder head ;the: pitch! of ‘this thread is 
Phisoscrewed joint is:finally: sweated in position’ with soft 
the whole depth ‘of the sctewed: portion having apparently: been’ 
tinned; the-joint is ‘locked! with four 4 mm. grub’ 
whole: of the: water jacket is: machined “both! ion: the inside: wall also 
on: the: outer: surface toa thickness of 1:mm::) The! water ‘jackets extend 
to the base of the cylinders; or, roughly, to two-thirds: the 


is ‘exceptionall 
cylinder head to the annular water space of :the-water jackets, ‘is: 
the. openings or passages cast: in:the ‘cylinder heads: encircling the 
water jacket capacity: df onexcylinder:equals 
Fig..41 shows-an -enlarged'view of:the lower: joint : ‘between the: cylinder 
barrel..and the: water: jacket, «This: joint consists :‘ofia soft rubber! com- 
position packing compressed in | position’-between ‘two! steel: rings 
by a large ring which screws onto the -bottone:of: the water jacket by a 
fine, pitch: thread: in the: manner ‘shown in the section.) This: a 
certain extent, ‘flexible; and‘allows ‘for the rélative: expansion between ' 
cylinder: barrel arid the! water: jacket. Small drain plugs: are ‘provided at 
the. bottom’ of. tackti cylinder water )jdcket these: are screwed: into ‘bosses 
welded: into ; the water jackets ‘on the exhaust. side, | “The! combustion 
iscircular, but 4t is slightly:re¢essed bélow all: of - the: four) valve 
seats, which are.all of same diameter—<. ¢., 54mm. “The area‘of both 
the inlet and exhaust ports is 30.15 sq. cm. = 4.66 square:inchés:— The 
clearance volumé.iof one cylinder = 778.9 cubic ==47.54 ‘cubie inches, 
, Comptession ratio. of 5.94 Short: pieces) of aluminum: ‘tube! are 
tted over the:top ends of the. lugs in the cylinder ‘heads forming: valve- 
stem guides. These are shown in Fig. 10, and are“apparently 
Thinidheet steel plates ate’ bolted to the’ Inlet and 


5.5 ‘mm: ‘deep, depth: of the, ring grooves: he pistons, 
will be seen ini Fig;-22, | are quite flation »both ‘the top and bottom’ 

the, crown, which 4 thickriessi" Eight chm, tréturn 

way, rings are! cut onally:iat 457 
ert trvtor to aft I 
the. piston: rings: charhmered theit 

which is now extensively used, and is: ‘well! 


| 
Pistons.—Very, little alteration has: been made tothe generaldésign'of 
the piston in,comparison With the smaller’ Maybach engines: "Phe'pistons 
: are of cast iron, and weigh 12.3 pounds. each, complete: with rings.» Four 


through, the, heads o 
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subjecting the inside face of the ring tora series ofo mechanical hammer 
at’ gradually: increasing distances apart.’ ‘The — shows..a: large 
number of small transverse depressions: extending neatly the width.of the 
ring- on the ‘inner surface.-Thest. depressions caused by the hammer ‘are 
approximately 1 mm. apart! at-the back: portion of the ring+4,-e:, the: part 
of the: iring: farthest:from thé gap—dnd increase!) in. mathematical | pro- 
gression 'to'about:4 mm. apart towards: the front: of ‘the xringup: to about 
1 inch, on! either of the gap..: “This; mechanical hammering of the 
inside: ring ‘has the effect) of: giving the desired ‘uniform pressure the 
concentric ring against the cylinder wall. 
holes’for' ‘the gudgeon pin»are ‘bored: eccentrically in ‘the 
pin ‘bosses; giving ‘thickness of’ metal and 9 mm. below 


g 
Ba 


desigt 
Pins-—The gudge pins are 


headed:9 in: ‘the usual -way and locked with -aeplit. pin: 
The gudgeon pins are hardened and ground to! three parallel outer diam- 
eters, being made~of ‘smaller diameter at one:end than:the other. ‘The 
center portion. which :makes the small end ‘bearing ‘is 38 = diameter, 
andthe two ends which fiti into the gudgéon-pin°bosses: are 
38.25 mm:-diameter respéctively.The pins ‘bored: 23 
the center, tapering to 28 mam. at each rd 
- Floating’ small énd bushes are now fitted tothe: gudgeon pin lin: the: con- 
necting rod smaller ends,') ‘These’ ‘floating’ buslies: are fe. of cast: iron 
of a very soft: nature. The effective bearing: length @f ‘the floating bushes 
is 93.mm., and. their external) diameter ‘is 44.3:mm.: For lubrication: pur- 
poses:4 numberof 4:mm.‘holes:are drilled and countersunk’ on the outside: 
The. projected area of the small end ‘bearing ‘surface onthe gudgeon 
The: weight ‘of = whilst: the 
floating bushes: weigh: 0.62, pound each. | Details of the gudgeon pins and 
the! floating. connecting ‘rod small ‘end bushes' are given in Fig. “12, ‘on 
page 866, and.in Pig..4: 
b ‘Connecting Rods.—Following the Maybach. design; the 
rods are of — section: beveled at the four! corners, ,and bored: up the 
center -from: iend with a 28-mm. diameter «hole, which screwed 
and pluggéd as in. Big/ 13,\page 866. ‘The:big ‘end bearing’ cap’ is 
seciired by: foun i14-mmz; ‘bolts, which are: screwed: 1.5mm. pitch into the top 
half..0f ‘eonnecting-rod ends. ‘The: inner surface of the big-end 
bearing’ shells are, machined ‘with screw-cutting tool which “leaves a fine 
pitch screw thfead: provides:a serrated for the white-metal 
No locking. nuts »are: fitted to: the’ big-end.‘bolts,' but the square 
heads:,of the: bolts are idrilled, ‘and prevented. from becoming unscrewed 
When in position: by... diameter pin, which is long enough ‘to pass 
each: of: bolts:: Two ‘helical grooves, | 2 mn 
wide, are cut in ithe big-end bearings... These: oil grooves ‘intersect ‘each 
other on the center of the bottom half of the bearing as shown in Fig. 43 
the. oil ways.cut in-the top half-of the big-end: bearing: metal are’ only 


| 

he inside ofthe ‘skirt is machined up as far as) the: bottom of: the 

gudgeon-pin bosses; and;a beveled: lip:is: turned on bottom flange of 

mm. ‘long,’ slightly beveled 
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ppuiahes already referred to are lubricated by a 
in the center of th hollow connecting rods, 
unicate with helical 

48 cut round the center 

the central oil pipe. 


ide the rod, and the- 
oil bese, are shown 


operated rocker on roller bearings, each pair of valves 


being operated tappet rod from one of the camshafts in the 
crank case. The heafls of all the Mis both inlet and exhaust, are of the 
same diameter, i| Ker 541 and the angle of the valve seatings is 30 
‘inlet valves are machined concave under the 
a 20-mm. radius between the valve stem and 

are convex in the head, and are made with 


5-mm. steel pipe 
and the h illed; 
grooves cxt-in the sms 
of the| sinall end 
steel disc; center of the 
The ‘bial clearance,of the-bigeend bearing hétweendhe Sides of the 
crank-webs min. and-the float..of smatte mm. Total : 
weight of the comesting rod. complete. with Hosting tush — 8.93 pounds. 
| | 
| 
a compound raditis between the valve stem and the head of 9 mm. and : 
25 mm. The diameter of all the valve stems is 11 mm, the clearance in © ff 
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the guide bushes being 0.12 mm. (inlet) and 0.15 mm. (exhaust) (cold). 
The ends of the valve stems are fitted with hardened steel discs, which are 
bedded in the recessed ends of the stems. ae et 

The inlet valves are 136.5 mm. long overall, whilst the ‘entiaust valves. 
are 152.5 mm. in length. The exhaust valves are made longer .to allow 
for the extra water cooling space in the cylinder head above. the. exhaust 
valve pocket already referred a 

All the valve springs, ‘hos are of exactly the length, i. 52.5 
mm. free, and_mea ed when in their position in the cylinder, 
initially compressed with no valve lift. The diameter of all the valve 
springs is the same, 51mm. (central-diameter of coils), and the gage of 
wire is 5.22 mm. in all cases, ““Bhe valye springs are, fitted with plain 
collars at the top. These. are.’ ed by. T-sha fs through the 
valve stems in the usual -way, These-are also, lock Osition with small 
wire clips, which are fitted to the Spring cotters through twosmall holes. 
The surface of all the valve spring;¢ollars is erences 6r..plated with 
a tin or: zinc deposit’-of_ some. aly ently to prévent corrosion.’ 
This -form of galvanized fini tried out On several other 


parts of the engine. Details of the valaes and valve re 
Figs. 18 and 19. 

dlve. Rockers.—The Feller beavis ing the il 
rockers: are mounted in: whic 


cylinder-heads. by two 8-mm. castellated The 
brackets are steel drop-forgings, and the roller races are, tO ‘a certain. 
extent, permanently fixed inside the recessed heads ofthe ‘brackets, and 
are covered by thin steel discs fitted over the front faces of the bearings, 
these being held in position by a form of mechanical knurling largely used 
in German aero-engine manufacture. This mechanical process takes the 
form of spinning. or riveting over the howe mpetat ‘ofthe “part by a 
series of accurately spaced indentations: 

The hardened steel set~sctews- ‘forthe’ ustment-of the tappet clear- 
ances afe drilled with a 5-mm. hole in the center. portion through the 
squared end.only, and the usual form of transverse bolt is pro- 
vided. The method of splitting the lever to provide. for locking of 
the -tappet adjusting» screw, - is carried out in a somewhat 

way. This is show in the view of. the rocker lever in Fig: 19, 

from which it can be\seen that the sdw-cut is made from the tappet hole, 
which takes ‘the tappet adjusting scray backwards through the center of. 
the rocker lever towards the rocker spindle. A steel stud having a 
hatdened.*hemispherical end, which es the top joint of the valve:push 
rod, is fitted-on the- outer lever of the valve rocker. These steel'studs are 
driven tightly into:the*levers, and are secured by small s wire ings, 
snapped over semi-circular grooves cut in the top ends of | spherically 


ended studs. ” 


The tappet push rods are made of steel tube, 16 mm. outside diameter, 
and are fitted with hemispherical hardened steel cups at each end; these 
are fixed tothe ptish tods by taper weigh 0.48 ‘pounds’ each. 
Hardly any alteration: has been made in the familiar tappet design. The 
tappets consist of hollow, steel tappet barrels, which are plugged ‘at the 
top ends by hardened steel caps; the tops’ of these aps are: form with 


heads, which with the lower ends of ‘the’ cupped 


h rods. The hardened cam rollers are held in position by. the grooves 
ined in the bottom ends of the tappet barrels; these ‘grooves are 
made slightly more than a semicircle to prevent the roller from ‘falling out. 
Side movements of the rollers is prevented by the tappet guides. “The 
cam rollers are 15 mm. in diameter, and are bored with a 4.5 mm. hole. 
Four small holes are bored radially in the sides of the hollow tappet 
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Multiply by ratio of 35 
Total reciprocating 


exhangt the 
“and ¢ 
gteater for the| exhaust 
tding tc li oduced. int Fig, 20;/which-has 
calculated from.the 2 ine under. test.-—-This 
es. ils .of the cam 
design: are“given in Fig.21.; cams. 
solid forgings: “Each-pair-ef inlet of exhaust kam the 
shaft separately. Bach camshaft is vith ‘key-ways,, which 
are are along the’ length oft ‘shaft, The cam ‘blocks are 
made. with three. keys cut insi whieh ifiethe cam 
blocks, the. keys being solid’ with the cams. The: cam Blocks.areé-also fixed 
to the ‘cam-shaft by moyement, ‘The céntral 
cam block between cams is machined. to a 
mrh. by 16mm, in width. ese portions of the cami blocks 
the: of the camshaft, bearings. They tun in plain.ghosphor-. 
bronze bushes let into/the top half of the crank,chamber, and helical oil 
grooves are cit in the face of the bearin; ing journals. on the camshaft. Each. 
cam block is ane xed in Position in the camshaft by one\smm. set screw 
which prevents thé cams , from moving’ ‘laterally in. the keyways. 
The five bronze bushes. orming the camshaft bearings are pressed into 
the crankshaft ‘bearing wébs~of, the crank-chafnber; the front and rear 
camshaft bearings are fitted with a flange, and are detachable; they are 
twice the" width" of the other three: oi a¢count of the camshaft driving 
gears which are fitted, frontend. of, the camshafts} and the magneto 
ving gears, ete. Ww are fitted to the rear ends of the camshafts. 


ve ca OM, the: top, 9 cach, Tappe He, hich 
i the guide tappet ‘barrels nd preven rotating. 
q grooves are machined inside the tappet guides. 
q Masses 
W of two of tappet 
Hs t-two- springs: 434° "Weight of plung 
ight of two spring i 
| 45% 
4 133. pounds pressure axially when.valve full open.” 
3 


The setting -of in! the diagram, ‘Fig. (21, ‘page 8673) 
which shows ‘following ‘valve position, via be 


td g vi to bas 


euanT qua 40 


of ams: 
ain 


Thee iy ed 29. mm,, diameter, the 


| 
| 
3 
| | | 
gn are given in the list | 
grams, Figs. 22 and 23, 
anks! runs in seven. 
metal of the usual formation, / 
| 4 =pins is 
mm. 
} 
36. mm. diameter. : 
e- May eng! 
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oil: lubrication). The:rear end of the the'extension shaft, 
on which is mounted the wireless-dynamo driving pulley, which embodies a, 


fitting. clutch. This design of wireless pulley i is a standard German engine 


“The ‘extension shaft referred to above is a driving fit inthe reat énd of 
the eranksha aft, which is bored 42 mm. the extension shaft is Noeeed: bya 
7mm. taper pin, Two centrifugal oil-thrower rings are machined ‘on t 
extension ‘shaft. These details are shown in the general’ atrangement'’ 
the engine in Fig. 14, -The main: driving bevel gear is fixed to thetéar’ 


end of the crankahaft b ak 8 mm. wide b 5.5 mm. de half. 


interesting ish: ithe de the crankshaft ig ‘found in the 


1,in 33.3 mm., is 


ight 
to 


10 thm. in eid. of the the bo the hole 
being drilled half in the flange and half in the cranksha 


is locked by the head of a mm. diameter, ich 
screwed into the hollow to“which 


the propeller hub: is-secured: by 14mm: bolts:-with: fieads, 
is mounted on a large single-race ball-bearing 132 mm. outside diameter, 
behind which is fitted the doubie-thrust mm. diameter on the 


orth “this hub flarige is mouiited 

fron on of ropelle: 

a ring, which driven outer of 4 
t collar or as. shown, in ‘ig. 24. The driving gear for the cam- 
fts is machined on this hub sange the teeth of the gear are 


le ‘oil-thrower rings. 
Propeller Hub.—The the: the he roe 
hub are given in Fig, 24. Eight 15-mm. bolts are used to bo 
to the two rear propeller hub flan atid’ the er is sec 
castellated nuts in’the asual manner: ‘surface of hub 
in and flanges i galvanized’ with “deposited: tin prevent: 


i 
| 
5 in Fig, 24, from which it ‘will j 
machined on the front end o 
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front flange fl fonts on ropeller hub in four castellations, 17 mm. wide 
by’3 mm, d ted weight of the complete propeller hub, with all 
bolts, less on end of crankshaft 21 Ibs. 

Crank” igs. 6 and 7 sho general formation of 
the cast chamber. md 
the bottom af 
half of the c: 
to the 


pear pini 


iS > 


rupter -gears-at the fi 

crank ‘chamber jis 's ad also 
esting design, Ag é.aconstruct ution ighing re. 
the rear: end of flang th is) crank 
chamber~™in 

magnetos, and 
situated ‘on 


notes on. i 
eppelin-Maybach 


es of engine. 
these are const 
_ case, and are fi m wire 
tion of these breathers_is 
On the exhaus€ side ventilator is fitted. 
marital, is connected six 


consists an ellipti 

chamber:formed in the ventilator: = 
ward from the ‘a of = engi scowling = his crank- 

case ventilator is shown in the p! engine, ig. 2. 
Lubrication.—Several details system have been com- 
pletely redesigned-- e new Maybach engines. The former single oil 
pump, which of théplung ¥ubeen by three sepa- 
is. peat type These,.as shown in Fig 8, are fitted in the 
r re pump is at the rear 
@one at each end of the 


‘The general princip! the lubrication: is here clearly shown in 
the special diagramntatic y g°26, which is to a great extent self- 
explanatory. In this adnan the lubrication system is shown with all the 
oil pipes and oil-ways marked in black. The system briefly described is as 
_ follows: Oil is delivered from the separate oil tank by the pressure oil 
‘pump, which is the rearmost pump of the two at the rear of the sump, and 
forces oil under pressure to the crankshaft journal bearings through an 
external oil main, which runs. the whole length of the crankcase on the 
induction ‘side, as shown in‘ Fig. 27. 


4 
1 trian Ape machined : 
on t fhese recesses 
cut he “main beatingcap also 

carri bn for driving the oi pnmps as 
shown Ac general arrangement Of the enging. ’ the fin covers 
are bolted t ‘andsreay of the crankease for enclosing the 
camsh at thefrdnt end =and-tor the magneto°and in 
| 
The small. detachable oil are fixed:to Manges’ east on the underside 
| of the base, ch. letail of the oii pumps 4 
and detachable oil'samp3 i tion. 
Crankcase Ventilation.—As inthe ines, the efficient 
entilation of ithe crankcase | rec ration. The de- ; 
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icFrom this main oil pire Jouenal oil 
ways: drilled the crankrcham Acough trans, 
verse webs: which support: the housings of, the journal bearings: metal, 
lubricated by wide. helical oil groove cut im, the bearing...white.. 
| 
ov Pour. V7 sit to qo? 
4 
| 
tiow is adhered td.” In this 
of the journal bearing 
the outer sides ‘of each 


forced’ uj 
into’ the The 


pn 


29 is-a 


in pairs to 


of.theend crank pi 


of the intermediate 

‘Will be. ; is fitted in the 
together w a small spi 
side @ Small detachable valve 
the crank chamber just benea' 


de 


ressure to 


ving’ spindle. 

uated at ont the base 

the return oil: which collects in the 
ttm of the oil base, and to retur: 


the ports o 
“two pumps to a ‘tein extent wee the 
front and rear oo oil 
ate at any angle o engine sma re be) 
in the oil base, as shown in the lubrication diagram. 
pets and cylinder walls-are splash lubricated by the ore thrown \ 
the crankshaft and oil scoops; and the camshaft and magretl ‘geats”’ 
lubricated through /oil ways. cut in the camshaft bearings at either end. 
Baffle plates are below the hinders in ‘the ‘recesses: ‘machined ‘in ‘the 
top face of the crank*chamber, as shown in Fig. 30. oe 
Constructional” Details of Oil Pumps, etc—No provision is ‘for 
lubricating the “roller th tht Of the overhead valve-rocker spindles, and 
no oil holes\are made)in their brackets for lubrication. The general 
design of all three oif pu d their delivéty,is the same. The general 
construction is ¢elearly sh the. sketch the scavenger pump, 
Fig. 28, A pair of pump. et of the usual 30 mm. diameter, 
work ima body castir Cast iron, The top pump and is 
son at ie with the driving spindle of the pump, whi 
as cule metal. The oil pumps’ ape: secu: 
seatings-Cast. om the bottom of the oil ine in each case, 
which also serves to hold;the small detachable oil Sumpé i position. These 
oil sumps consist of aluminum catings, into the center of which 
is scréwed spun-brass’ oil trap, formed as shown in the sectional per- 
sorctive sketch. These oil sumps are connected ‘tothe’ suction ports of the 
umps are Jatt speed, the, 


1e Rathod Pot den driving end of i 


the outer: surface of ¢ 
| smatlend bearings, with’ their floating 
through the steel pipe fixed in the cen a 
of this design have already been g § 
ea 
| ; 
id 18 provided 
s shown in the 
| | 
ain cit. supply system. 
is attaehed t q 
| ered oil, pipe-on the supply side of the pump: 
gage is.con: t and ‘smalt oil pipes are 
also 
petrol/pamp, and a 
_ The scavene 
| chamber, are designed so’as to 
bed 


interesting: and’ uriuswal: design: the Fig.,.28,; the 
rap wheel, which: isi mounted on t extension of the of hich 
spindie, ovided ‘with face ‘ratchet, the teeth of -w, 

aré cut? le'the gear! as! shown, engage with’ similar teeth cyt.on a 
flange:‘on ‘the front ‘of the: pump-driving spindle. The of 
spring isisach as to allow the driving: gear: to overrun the, driving sp: 

3 ome apparently in Ps event of backfiring, all the oil pumps, become inopera- 


main, 


fitted with ‘a deather is shown. ‘The set.screw.is screwed, into’ 


of 'the filter:plug ‘at! the:top ofthe oil lead, and a. small j 
plug: is fitted: elow the set screw, the 
the top of the isiplug $ to 


the bore: of ithe ‘restriction: farmed oi lead drilled; in :the filter plug 
just: below; ‘as shown:! This'device is apparently: provided to: allow. for. a 
plug to: be; attached in‘place of any of the six set screws; which can 
‘be: coupled::toia pressure gage, thus. giving the:ioil of 


th h: th the-beari hous- 
ng: s thr ves cut in eface © 

‘ings. ‘The small holes, drilled: in the icrank¢éase above the 


communicate with: recesses machined around ‘the bolts: ‘These holes. are 
amaide'to the’ oil from being) forced rapwards out of the engine 
through bolt holes in the. cramk:chamiberii? a! 
‘of the water pump/are shown inthe sectional drawing,’ Fig: body 
the :wateropamp is attached -to:theltop face of the! 
‘casting ‘which: formsthe ‘cover -of ithe magneto: gears» -This> gear 
cover is attached) and studs:to:the rear: both :and 
‘bottom ‘halves!df crank othamber. be seen imthe general ar- 
rangement drawing of theengine, the water-pump spindle is driven't 
bronze bush* bevel fixed! on spindle ‘is: driven By a 
ithe main ‘bev ion the'rear end of ‘the crankshaft The 
vertical spindle): winch ‘is 20! mm, in diameter; runs‘in a bronze bearing, 
owhich lubricated scréw grease ‘lubrica tor ‘Phe top>pottion ‘of the 
‘pump ‘spindle bearing is cupped the*housing for threst ball: vate, 
-above which is fixed the pump)rotor. The.pomp rotor is a:gun-metal ‘cast 
ing, having’ six:hetical vanes, 120/mmi. in diameter. rotor! is fixed! to 


on “Phe: tower half: of ‘the: ansaluminury casting ‘with an inlet 


‘radiator is‘\coupléd by ‘a: rubber top half of: the water 

‘pump body, whichis aigun-metal ‘casting; is! formed with six’ 
sages: gen corn ‘inca ‘reverse: helical: cto tthe ‘water-pump rotor!) 

hect with the common! vertical top'of the 

pasting, as! showii 322'' The 


\passage'64 mm. vin ‘diameter, to whith: the! the 


| 
inv the’ small ‘separate oil filters which are provided ati the top.of each of the 
diagonal oil ways drilléd through::the webs: the; main: journal-bearing 
oil 
q 
| | 
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The center portion of the top ‘body’ casting inside the helical, passages 
above the pump rotor is domed and fitted: with ia screwed , 38 mm, in 
diameter. This plug is drilled with a 3.5mm, hole, evidently to prevent an 
air lock. “Two 3-mm. holes are also drilled’in' the: bottom of the rotor be- 


urpose. ‘It is noticeable that the steel ball- 


suffer by corrosi 
Water Circula 
set out i 

that 


round ‘the 
water-joi 


were sections by a ver- 
. Water enters the bottom 


pum; 
operated by a cable from the pilot’s seat.) o<< 
two |Bosch- Z.H:6-typ 


viously di 


to the heads of the: front 

and rear cylinders, as already described, and their general: construction. is 

‘shown in the cross-sectional drawing, Fig, 32.::The carbureters, follow. the 

distinctive principles of the well-known Maybach, design, but are slightly 

modified in: many: of \their details’ as: com: with the earlier engines. 

‘These carburetersare designed to be used in conjunction. with a:petrol- 

system, and in ‘place of a float chamber. employ two small, constanit- 

.ceéssity for using pressure-release valves in. the system, .-Referti 

to the sectional drawing of carbureter, Fig.:32;\ they are 


‘of a.cast: aluminum. water-jacketed body, in the center of which is mounted 
the rotary’ barrel-type ‘throttle; ‘one side to the curved passage 
other 


the induction pipe, and on. the: 


‘The main air: supply:is taken through.a passage cast inthe »aluminum 
carbureter body directly below the ‘throttle and ‘the extra air: supply. is 
automatically controlled by a guillotine-type shutter, which works verti- = 


‘to 
to the mixing chamber above the: jets. 


q thrust race is working to:all intents) inthe: water flow, and: must, theretore, 
iin oti to Sit nt Das 
.. tion.—The circulation of the water-cooling system is clearly 
iagrammatic drawing, Fig.) 26,;from which it; will be seen 
; ump delivers directly into the bottom of the water jacket 
which surrounds ‘the’ body: of the rear’ carbureter. | As ‘already mentioned, 
i the two carbureters are attached by long studs to the ends of the front and. : 
| reaf cylinders, and the water, after passing through’ the rear carbureter 
water jacket special pa: throttle: valve; enters the: rear 
cylinder through the two ci int flanges. ‘The water passes 
through the passages cast in each ofthe six: cylinder heads to the! front 
catbureter or-water jacket, whence the water is/forced out through:a verti- 
cal passage 50 mm, diameter through'a diagorial pipe leading to the radiator, 
whichis slung above the engine from the center section of 'the'top : 
The radiator is of entirely:new désigh, and is shownin Fig: 33, fitted to 
a 260-hip. Mercedes engine. According to'a Prench:report, this radiator is : 
| very efficient. It :is'of ‘semi-circular shape in front elevation, and is formed 
of hexagonal honeycombed tubes,:and exceptionally deep in: cross-section, 
measuring’ The radius of the semi-circle.in elevation: is: approxi+ 
mately 32 cm. The radiator is divided into vo a 
tical baffle plate*.as shown in the diagram, Fig: | 
‘the ‘left-hand: side ‘of the radiator through the pipe leading, from: the 
‘front earbureter, and flows: upwards through the tubes of the left hand of 
the radiator to the top' portion of the:tank: which completely surrounds the 8 
radiator. -/The-water passes Over the top of ithe dividing bafite plate, through 
the right-hand section to the bottom of the! radiator, and out at’ the. rear : 
side; which is connected with a 50 mm. 'pipe to the inlet passage of the s 
are mounted: on:brackets 
cast on the ‘rear end of the base chamber; and ate driven at 1:5:1 engine- 
speed directly off:the rear end of the camshafts.:: The ignition: point is set 4 
‘38-degreets early.. Two Bosch 3-point plugs are somewhat inaccessibly fitted : 
‘inthe head of each cylinder between the twin water: connections as»pre- 
The plug ‘bosses are: water cooled:; ‘The: high-tension 
carried |in fiber tubes ‘bolted: to: the cylinders, ‘and the- leads to 3 
the plugs are taken:through fiber blocks mounted:on the sheet-metal brack- 
‘ets,on the cylinder ‘heads, The order: of ifiring is; 
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cally just in front of the jet-control‘ lever. The throttles of ‘both car- 
bureters, together with the mechanically-controlled jets and the extra air 
shutters, are all interconnected. The of these cranks and in- 
terconnecting levers is shown in the 
bureter, Fig. 33, 


parts iscmore< 
. drawitg, Fig. 3h, which is, t 
deliyéred by the petrol pump into the 
bigh-a jet-B, shown in the di 
s kept_at a.constant lev 
i which leads bai the main petrol tal 
tank low the jets w are. supplie throug 
itt -provided:in the top 0 
tank Ay the inain pe 
= 4 oF be plugged) and not ‘used 


ot jets c sist 
r D, and similar in prin- 
area\of the jet o igs is me- 


ans a small hole \drilled 
ously Hescribed, is connected by ers to the 
ers. by th tank A is appar- 


th¢ petrol pu 
ch is gravity irovides a 


b: 
jet Ser cat cy cat which, as 
throttlejand ai tro 
ently ta deal with the 


stant 0 Lie 
purely there--bei 
purely 


a toa Grifice ; 
eter using a venturt tube 


to get the fe jet aon ote to usual practice the jet depression 
actually increases on throttling\dews, the depression being about four 
as ire at half-throttle as at “tail 

ontro Adjustment running ottle i open, 
the supplementary air and the air practically closed ; in 
this position the small or pilot jet only ‘is open. On opening the throttle, 


supplementary air port commences Ao open in conjunction with: the 
throttle opening. Th 


main air automatically opens in 

admitting=m thich 5 directly across the top of the jets, an 
the jet a s.fully o 

i ction e controbaevers;. there comes a point 
when the supplementary rt anea 
increase in the tter: | limit with mo further increase 
by reason of the arr f the! eve nt the 
openings for throttle is opened 
beyond this of proportion to the 
jet opening and al “supply. amrangement a simple form of 


iis positions for “slow running, 

e marked on the body of t 
attached ‘to the throttle lever 
the rear-end carbureter. By these markings on the carbureter 
the correct settings of the throttle lévér can be checked when the engine 
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Fic. 33—ONE OF THE CARBURETERS BROKEN To Gravity Perrot 
RESERVOIRS AND INTER-CONNECTED THROTTLE, JET CONTROL AND 
GuiLotine SHUTTER; ALso INDUCTION AND WATER 
PASSAGES To CYLINDERS. 
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Fic. 37.—THe AND Jets DISMANTLED; Air SHUTTER; AND SEc- 
TIONAL ViEWS OF Perrot, RESERVOIRS IN CARBURETERS. 
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acihe, induction pipes are aluminum castings, and are of exceptionally 
design, being, as shown in Fig. 35, joined together in one straight 
pipe A cast-aluminum baffle plate dri led in the center with a 20-mm.: hole 
three cylinders. This baffle is 
“equa zing) 


induction pipes ban tails of 
six small primer valves fitted into the top of ipe are 
also shown in the sketch, Fig. 36 clearly shows the construction of the in- - 
teresting type of band clip which is for making the connections in the 
induction pipes and also for most of the water joints on these engines. 
These clips are now extensively used on all enemy engines. The clips 
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starting to make this joint,. the of she the: steel- band is first bant 
r 


eristic: rottle Cu rott le curve 
good. There ig an- petrol at fir should--give, re appar 
celeratipay ‘and there is a fair ‘range, down full throttle, of w 


mixture suital for cruising. it is considered desirable to 
have: pétrol and air control interconnected, ‘any required throftle ‘curve 
could be’ obfained, but. van unnecessarily complicated i t. 
In this re are four tal universal joints two 


sliding - 
Pow Ch power curves ate ‘satisfactory, the | 

being practi: ly constant over a large air speed range 
Resistance Fest.—The resistance is very high Sompareccyith-catbureters 
of ordinary design. For,/purposes of comparison, the resistance,.of, the 
H.C.8 Claudel-Hobson-carbureter i is plotted on the same .curve. The two 
comneniers are for engines of about the same horsepower, and it will be 


Atomization. Test —Results as follows: 


gon, obtaitied by ression and high loss thropgh the 
ca | 
Conclusion—The earbureter gatisfactory throttle 


anid power 
curves and atomization, but the resistance is very the weight. 
~méchani 


excessive. The throttle curve is obtained. by..a li 

system which would need careful first adj usthietit Genstant adjustment 

for wear. The air is taken in through the m ‘parts, and if any dust is 

ster the mechanism is very liable to render the control very 
ard to ate. 

 Petrol-Supply System—Petrol is ‘the’ two ‘carbureters ‘bya 
small pion Be on petrol pump, which is attached to the rear end 
of the botto the oil base, and is driven iat half engine speed di- 
rectly: off near. ithe main by the: petrol-pump driv- 
ing ‘shaft being ‘coupled to the oil-pump by: a: dog clutch. le: ins 


88 
E the connecting link on the second winding. The end of the steel band is q 
ft then fastened tothe top,.end> of the link by coiling the end several times , 
round the smalf bolt in the head of the link, the end of the steel band 
4 being ‘best over for about 2°inm., and inserted into a slot cut in the bolt, 
so that bolt in.the link the steel band is wound tightly round 
the” ints, and-owing to the position and-shape of the link,, ‘remains ‘ q 
Carburetet Tests—The Maybach. carbureter has been tested separat 
e a 
Perot ‘Deposit | q 
mperature| Feet pei Pig per)! Petrol a 
| 
| 
q i 
: | 


~ 


_ stallationt ‘ofthe ‘petrol is: clearly, shown: inthe ral arrangement. 
‘Of ‘the sthe detatis:of: the: supply: system are 
shown in ‘the diagrammatic! drawing! (Pig? oven: oF 
Regarding the installationof the ‘petral-supply ‘system to: the petrol: 
2: Ditsd ti bres af Ni SAT ah 
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Sold gnibt 
44) 
goetetl Silt tuodg io sis 


hiso 


Fig. 43. 
"et oft fud soiestmiois bis 
fin been blirow doidw 
fynords in si tis tot 
of bisd 


equator which has bays been ited ise the petrol 


i throngh the petrol pumps ; but owitig to ‘the 
fact? that (from which: thése stew! Maybach: 


taken are completely destroyed no information regarding the construction 
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Fis. 41.. Suctiowat, ov ‘ 
- they 
the ordinary ‘float 


mm, bores 


square, inch, and the | of oil and petrol 


the sectional drawing, 40, and also inthe perspective sketch, 
Fig. 41. The pump cons of two.o} posed. cylinders, in; which a recipro- 
Siig works, the ends of, which operate as sirigle-acting pumps. 
The 5 pump plunger carries a yoke fitted with a sliding bush, which forms 
the crankpin bearing.of the small pump crankshaft, driven, as already de- 
off the rear end the oil-pump half engine speed. The 
reo pump plunger)is 15,mm str cel e 
ter, barrels are as, and fitted wi th screwed 

alg, form compression. chambe: 
il nonrreturn. suction valves aft sitdated ve bove and be- 


low thé two, chambers, and the two petrol ery valyes fhe 
itted | aboye. the chambers. The, valves communicate. 
through ports drilled in the pump barre 

suction .and; delivery: v; 


ves.are of the poppet, type, ane each. 
ve.is spring loaded by means, of a wire 
supports in guides \drilled in the. 1 hick form the valve 
which, the pipes irom the fal. to 
en inte 
Same. ipe as-shown.in etch, 


at; the. bottom with a detachable cover. plate, whi six, 
set screws.,,Phe ge of, the, pump-crank chamber is. with oil, under. 
pressure; rom e;.main,, ly system, throngh an oil. pipe con 
the pump: and.Jeading from, the rear end... 


thi the: effi. 


jow ists a tee 
heads were, taken; in 
were, alto, 


ele th 550, 00, 


‘ing table: A TA. TENTS 
tt 
leur 10 8 ‘gttib pints (PE, bas 


Fig. 42 shows ik these varying plotted against 
delivery,,at These curyes are quite normal, andcitis evi- 


i hem, that the the are well, and the dropin de- 
increasing head sesistance. is. 
the oi 


ue to cavi >, The. pressure 
the pump case duri ese tests: varied. 15. and 20 

end bear- 
pump during one hour’s. run was one pint. 


are overflows to 


fitted with the 260Inp: Mercédes“engines two petrol tanks are fitted: ‘The 
main tank the ‘center of the! fuselage) behind :the pilot’s séat, and the 
a 
{ a 


a 
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The petrol pump was run at:the three, speeds),as: in, the former. tests;/and. 
the following results’ fecorded. of: delivery and head resistance: 


The valyes and exhaust shutter are then locked in' this position by 2 Peg, 
fever 


the free passage in the exhaust manifold is ‘again opened by the' shutter °C! 
Ignition is then effected ‘by means of 4’ Bosch hatid-stafter magneto in the 
pilot’s‘ seat.” It will be noticed’ that ‘the’ exhaust shutter ‘lever ‘is: provided 
with a spring-loaded tie rod to’ insure a ‘true ‘seating’ for the’ shutter.’ In 
order to prevent the engine from being started until the’ hand lever! has 
been réleased to its off position, the locking hole in’ the lever which takes 
the pin is made in such a way that only 9° special form of locking pin can 
be used. For this. purpose ‘the *handle 'df ‘the starting’ miagheto is made 
easily detachable, and is used for the purpose of orig 3 the hand lever A. 
It is thus practically impossible to cause ignition with the valves Open and 
the exhaust passage closed, which, of course, would catise firing back into 
the carbureters, and probably also result in destroying the hand pump. |” 


ENGINE-TEST REPORT AT 5.4.18, Ada, 
Calibration’ and Endurance Tests—The Maybach engine (No: 1261), 
after several slight repairs had been carried out 'to' fhe cylinders ahd pro- 
lier hub flange and coupling, was erected. on a test bed, coupled to a 


and consumption tests, including a one-hour’s duration ‘test at normal 


of! these tests’ are shown graphically on’ ‘the’ 


Holed boat 


tam of bobivowd sag bab 


| 

: 

petrol tank. In the tests both outlets of the. pump were connected: bya Y 4 

piece with one delivery pipe, the: end of which was closed<by:2 plate 1/16 

25 pounds.“ 360 pints, : 

Starting Gear—The principle of the Maybach staiting gear is now ‘so 

well known that only a brief description of the mechanism and a few de- 

tails of the construction will be necéssary. In ‘the’ semi-diagraimmatic 

cross-sectional drawing of the engine, Fig. 42, the of 

this simple and distinctive starting mechanism ate cleatly'shown. By the : 

depression of the hand lever A on the induction’ sidé of ‘the engine, ‘all the : 

tappets are lifted off their cams through''the action of ‘small lugs formed : 

on the top of the tappets, which fit into’ Slots cut’ in ‘the tubular ‘lay shafts’ 

BB. All the valves, both inlet and exhaust, are thus opened in the '‘cylin- 

dér heads; anid at the same time the hand ‘lever A closes the shutter C : 

: By the action of a large hatid suction pump E in the pilot’s ‘seat, ‘gas is : 
then. drawn into the combustion chambers ‘through the inlet‘valves and in- 

duction pipe from the carbureters as indicated in the diagram, When the | 7 

goon are charged the valves ‘are returned to their’ normal’ positions’ by: 4 

e withdrawal of the locking pin in the hand ‘lever A: and ‘simultanéously: 


One-Hour Test—At the. conclusion of the above. pe oh 
duration at normal revolutions; (2,400 r,p.-m,) was carried with t with 


3 - Petrol consumption 20 gallons = “pints. per 
our. t 
consumption 11 pints: per BEEP, 
Water temperature Gnlet) _ gritiete lo. 
Valve Timing Dari 68 ig 4 
C. 35°L. 


Runni was steady at-all. sppeda between 900 and 1,400 r.p.m., 
to the fact that the propeller hub flange on the od 1400 Fai! bat owing 
and was running slightly..out:of truth, af Sibration became excessive above 
1,400 p.m, Considerable trouble; was experienced with the water. connec- 
: tion between the cylinders on the exhaust side. The. runhing became un- a 
steady below 900-r.p.m: 
P Distribution.—Owing to, the exhaust manifold being fitted as of the 
4 engine-starting gear, it was not possible to form an idea of the ost oh 
of the cong valve lift is shown. graphically: in 


Total piston aréa of engine 1962.95 sq. in. 
Swept volume Of’ one’ 3848.85 cu. cm. == 235.3 cu. in, 

Total swept volume of engitie., 23093.4 cu. em = 14120:0 cu. 
4 ce volume of one cylinder, 7189 em: 47.64 cu, in. 

Normal B.H.P. and ‘speed: BHP. at'1,400 
Maximum B.H.P:' and” speed at 1,500 r.p.m, 
Normal B.M.E.P. ibs. per sq: in. at 1,400 
Maximum B.M.E.P. ....... 1205 Ibs. per sq. in. at 1,200 r.p.m. 
Piston speed ..... 1654.0 ft. pér ‘at 1,400 
Mechanical efficiency ‘(calew 86,0 
Indicated mean pressure ( ed) 
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ng 
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Relative efficiency 
Sa in. of swept volume per B.H.P.. 

HP of piston area per B.H. PLES 

P. per cu. ft: 6 Of swept” 

per sq. ft. of piston aréa...... 


of fotation of ‘crank 
Direction of rotation of 
Type of valve gear aii 


Type of starting gear ttteeeesdeaate 
Number of carbureters .......:<.... 
Bore of main jets. , 
Bore of pilot jets ....... 
Fuel consumption per ho: hour’ 


ond 
Diameters— 
Trduction- pipe’ ORT 
port. 


> Exhaust port’. 
Exhaust’ branch 


65.9 per cent. amiwol 
4.80 cu. in. 


360.0. B.HLP, - 
212.4 B.H.P.: 

Anti-clockwise - 
Anti-clockwise (facing propeller 

- Overhead. valve fockens: ‘and! 


Maybach’ of special design, 
“Two! Maybach: 
Variable ‘from: 00: to 6: | 
Variable from 0.0: 'to Al mm. 
_19,33 gallons. 


45 67 mm) = 277 


“48% 67) 1.7K 2.64 in 


66:0! ‘fom. == 2:60" in approx.) i 


Cross‘Sectional A Areas | his ont no 


Induction pipe . 

Inlet 
‘Exhaust 'vatve' (x dh.) . 
Exhaust bean 
Exhaust-branch pipes ............ 


+ 


Exhaust valve ..... 


em 

#416’ sq. in!’ (to 
30.15 sq. 4.67 sq. in. 


Exhaust port bible ah 196.1 


Exhaust ranch pipes ............ 


00 


172.5 ft. per sec. 


haist bias sittans to 


. Outside diameter .. 


Port diameter (in ¢ eylindes. 


of seating eee 
valve head 

meter. rs) stem... 


Number 9 springs per va valve 


ree length of spring .. 
Le h of spring in 
pring in position-(no: lift) 


eth of of, valve. 


Inlet valve. closes, 


mm. ‘= 126 in. 


3 


mm.==0.137 in. 


52.5 mm. = 2.066 rar 2 
39.5 mm.== 1,55, in. H. 


0.843 Tb. basqe 

font 

= 0.012 in. 


 NOTRS 
| 
34.11 sq. cm.==5.31 sq. in. 
196.1 ft. per sec. 
196.1 ft. per sec. 
208.0 ft. per sec. 4 
5 0,372 notin T 
inlet tappet clearance 


Port (in éyfinder” head)..." 
Width of sea 
ler valve head .......... 
Diameter of st 
Length of valv 
Over-all length etal 


Number of springs per. pao 


Free length of spring .............. 
Gage of wire spring 
tio. Length o to ive 
Weight of valve complete awit 
Weight of. spring’ bare 


Period of exhaust 
Exhaust tappet clearance ........... 


NOTES. 
Valves: (Two'per Cylinder). 


mam: = 0.137 in 


to 
to 
9:34 == 0.868 in: - 
80.0 mm: == 3.149 i 
958.5 mm. = 6.00 


One: 

39.5 = 1.55 


B.W:G. 


Inertia Forces, Loads, Ete. 


Weight of pistdu, ¢ nplete’ with 
cic of 


Weight of connecting rod ‘co 
Weight, .reciprocating _ part 


Total. reciprocating ‘per. ‘cyl- 


Weight per. sq, in. of 


Weight per sq. in: areal. 


ngth of connecting rod (centers) .. 
Ratio. Connecting rod/crank 
Inertia, Ibs. sq. in. piston area, top 


Inertia, Ibs. sq. in. piston area; ‘bottom, 


ing 


7° late. . 
0.4 mm, 
ts 


9, Ibs, 

dibt 


310,0.. mm. = 12.20 in. 
8.44571. i 


bas 


no eat 


tig no 
_ton area 5844, Ths, 'sq;. in, 803 


Diameter o crankpin 


48.0 Tbs. sq. 


118.0: bio eifl 
>», 66,0, mm. == 2, in, noid 


Rubbing velocity dt 15.85 ft, sec. gitiised ‘bao vid 
Effective projected area of big,end | 


Load. on big end bearing...... 


.. ta 


= 


. 
. 
| 
x 
; 
: 
ig 
4 a 
3 
‘SH 
a 
- 
eight of rotating: mass- of. conn 
4 
4 
4 
4 
; Mé@an average jJoauing cranks 
‘ 
= : . 


Over-all height of bare cylinder from 


top of 
base of cy 


Depth of sigot at ba 
cylinder, .over,, water 


jack 

Valve « hee (between. inlet and ex- 

Thickness of flange at 
inders ........ 
Number of per 
Diameter of holiing-down, studs. 
Thickness of water ja bh 
Mean thickness of combustion cham-__/ 
ber wall 
Mean thickness of cylinder barre 
Tensile 


ile stress ge 


Diameter at top 

Ratio. Piston length/cylinder bore... 
Number of rings per piston)...+-.-. 
Position of rings . 
Width of rings .. 


of cyl- 


eee 


‘mm. = 18.87 in, 
3.5 0.13 in. 


185.0 mm, =7.28 
"63.0 mm. 
12.0 ‘mm, = 047. 

mm, = 0.039 in 


8.0 mm. =03i 


in 


fx9. to: bor 


ig 


td 
ted 


4 


al 


(fat, 
164.75 mm. 4 
mim, = .944 in. 
ree piston tines, 


65 mm. = 


hres 
til: 

per ri 


Length between centers”. 
Little ‘en ring type 
Floating bush, inside... 
Floating bush, diameter, outside..... 
Floating bush, effective length inside 
bush, aréa of ‘bear- 
gudgeon 
Ratio. area/ptojett 
little end beari 
Big end bearing. 
Big end bearing. Diameter :........ 
Big end bearing. Length (actual). 4" 
Big end bearing. Projected area.... 
Ratio. Piston area/projected’ area’ of 
big ¢ nd’ bearing 
Full diameter’ of bolts 
Diameter at bottom of threads......' 
area, bottom’ of. 
Pitch of threads 
Total load on bolts’at 1,400 a 


jected area of. 


Connecting Rod. ches. 


adi 
= 1.496 in,» edi 
44.3 mm. in. 
* 93.0 in, 


35.85 5.4859, ins 


> 
ag 
- Bronze. shell-lined: 
66.0: mm, = 2.598 in, rove 
73.56 ==21893 in? 


“Four! to sata 
140- 0.554 in, - 
0.472 in, lz 
bia 
2.5 -mm. 


ia 


gid 


} 
j 
: 
ie. 
i] 3 
i 
| 
q 4 
j 4 
‘ie 
ry 
. 
“ay 
4 
3 
“4 


- Total load on bolts at 1,600 r.p.m.. 7,602 Ibs. 

i Stress per sq. in. be r.p.m...... 8,320 Ibs, sq. in. 

‘Stress per sq. in. at t 1,000 F.p.m. +eeee 10,860 Ibs. in sq. in. 

Crankshaft. 

a Number and type of main Soe: Seven bronze shell-lined white metal. 
or centers ...... 187.0 mm. ==7.362 in. 

Outnde diameter . 66.0 mm. =2.598 in, 

q Inside diameter 38.0 mm. = 1.496 in, 

mm, = 2.913 in. 


66.0 mm. = 2.598 in, 


1.417 in. 4 

67.0 mm, = 2.638 in. 

4 67.0 2.638 in. pnt 

te O20 min. = 2.638 in. 

hi teas |. mm.= = 0.906 in. 

ao | Radius! at, aed of journals 

of "complete. sha 99.9 Ibs. 

clearance, bottom (total) 0.25: mm. = 0: 

de clearance of re 

Clearance. of valve. stem 

is Number oi pu e, rotary gear. a 
4 , Oil temperature q 
4 Specific of oil ....... 0.899 s.p.g. 
. Pump deliver (calculated at 100 per 
4 cent 


volumetric efficiency)........ 91 gallons per hour at normal en- 


Ignition. 
Number and type of magnetos...... Two Bosch. 
sequence of engine .......... 1+5-3-6-2-4. 
ition trming (fully advanced) . «ee. 38 deg. early. 
plugs per cylinder....... Two. 
speed/engine speed 1.5:1. 


| 
| 
4 
Outside diameter 
| 
gine revs. a 
ig 
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SII 
i ETE. 


Rae AE 


bonil 


ura 0.48 


etlod iro 
OORT 


bsol IgioT 
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ts 
OSE,4 
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Sulphar, 


HD 
458 


mo 
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Per cent, | Per cent. 
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Mechanical test fit made on the 6 


0.8 


Rei) 
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Avedxo) 
Rota. 


Teed 


ST 
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Per. cent.| Ft. 


ft 
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te 


nah 


Hoaod to 


cent.|Per cent. r cent,|Per cent. 
| water jacket gm. 4 
Per cent. | Per cent. Per cont. |Per 
0.254 
Position. Mark,» | Diameter. Stress. Impact. q 
q 
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Desertption Fart, 
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reqs} 


stot 


Bg | 


e. 


oq 
to 
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Oil pumps, with dri: 


ett! 


18 


STR 


cite 


{ 


wits 


, 
brs tainty A | 
82-75 |196-50 | 21-50 
12-30 | 73-80 
‘Inlet aad exhaust valve spri 0-28} 6°74) , i 
wit soars and lating 12 | 3-00 
Overhead vaive rockers, complete | 13 | 1-08 22-99 
Valve tappets sad oa} 11°25 
with clamps, nuts and washers 3-40 lg 


Cooling System. 
"Number and type of water pumps..... One centrifugal. 
Diameter of inlet pipe .............. 54.0 mm. ==2.126 in. 


Diameter of outlet pipe ..........-- 50.0 mm. = 1.966 in. 
Diameter of rotor .....-...s.+... 111.0 mm. =_ 4.46 in. 


Number and type of iradiatots ....,. One semi-cirealar “Woneycomb. 
Ratio. Water pump’. speed/engine 


Water -. 68 deg. C. 


Petrol 


Weighiis: Lod dolnk 


Weight of withooe: iad ods 


cig: t HP Ne 3 

Total weight of fuel and per 151.36 


Gross weight: of éngine ‘in'rurining 
_order, less fiiel il sys- 


Gross weight of erigine NE.» 
order, ‘on and for six 


wos ht of fuel has 3 
By Roster E. 02° 


I f lectrri 


cover, so far @s povsiblé the whole field, f particular 
interest to come up. in. the discussion to” follow 


There arei two ral kinds. of. welding, : namely Wh ich requires - 
mechanical es Pressure and ‘that ‘wh t only. The 
rst kind o 


-_ electro-percussive welding. The second kind of welding includes the 


ermit welding process, the oxy-acetylene and electric arc processes. 
latter two processes are called autogenous welding processes. An auto- 
genous weld is made by heating the metals to a liquid state and Pouring 


* paper ted to the Cleveland (U. S.) 1 


~ 


g 
| 
a 
3 
: 
= 
4 


a1 
to: melt 


the metal to be welded ra er than ternal toh ab 4s 
oxy-acetylene flame!" The’ heat ‘of ‘the! are: 
much we eat prudiiced 


I equals average current in the arc circuit. .babn HARING] et 

T equals time arc is in operation-in-hours. 

The factor 3,413 is the heat equivalent of one k.w.-hour energy in Brit- 
ish thermal units. 

The heat liberated by the oxy-acetylene flame may be calculated know- 
ing that a 1 cubic foot of an.\oxy-acetylene ‘mixture gives about 1,550 


esent, prices Of gas ax ectric is about..in a, ra 

electric, With eliectiveness” factor, Of about 3 in 
of the.two is evident that the cost of gas is in’ the 
hood. of, nine times cost of electric power Wok, 
_ Up. to, the present, time the. electric-arc welding process, has been used’ 
almost. exclusively. in, the. welding of, steel, The very great eat localization 
Of of the, arc. gives it a marked advantage ov 


welding, on boiler plate and sheet. metal, difficulties arising 

0 weld. encountered in the use o process are, 
to a certain. extent, eliminated in the. arc, due, 


‘be’ welded With the carbon. ting 
mere ica th the j 


perhaps. requires. more skill the. 


interesting, By. the use of the process it has, bee 
certain, which were, not possible before, ble, by its. 
use, to, accomplish ina.few hours le. sammie results which a 
* few. years ago, would have required ten times, the labor and perhaps ten 


Ww is another triumph for, electrici 
of the most. interesting . of the wel 


process, iain, the locomotive shops se: country, 
isan, which is growing bi ‘The steam 


Diece the most, severe stresses. 
ost of the parts are subjected wear, and. the boiler i 

worked, to, the, limit of its unfavorable conditior 

U; .Present war-time. con oad traffic motive power is. 


the me 
does: necéssita ethos of 
same 


times the actual working time, The use of electric power for vitae 


is, merely ef of pieges ‘elt or 
Each the whole is subjected 
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| he electric arc q 
vi same amount neat produced by' ‘the gas 
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The eléctric-are welding 
flue-sheet of boiler; to, cracks. 
weld ini new sections of the flue; sheet, door or, side sheets... 
frames: are.welded in:.from; sixito,ten hours , without; dismantling 
engine.» - Worn -links;; guides, hangers,, ete,, are; ‘built, up 
te-machined, and | put-into service! in.a few, hours time, omn flanges 
the drive wheels’ are’ built: up. without dropping the, nd the 
is put in: service -without turning, tyre. 
submit copy (presented ‘by Wanamaker, electrical en-, 
gineer of the! Rock jin, he presents. some very. interest- 
ing facts.in this connection. One of the most, interesting, is that. by, the, 
of the’ welding: process \they have obtained; from their present, motive 
power equipment the same service that they would. have. obtained. with, 
23 additional engines, but without welding , -equipment,,.. Mr, ;Wana-. 
maker’s paper on “ War and Welding” is- one which every railroad man 
in this ought to If there is’ help 
as to what engineers of this country ..must as: r re. to p 
win the war, a study of the results which Mr. Wanamaker has hicapeined 
is to be recommended. add at 
bik it 


In the’ “Western Railway ‘on the subject of 
economy, 1 feel that it'is entirely unnecessary to’ entimerate the reasons’ 
why it is imperative for the railway systems of ‘the country ‘to exert the 
mae effort to move the freight of the countty with the greatest 
dispatch. That is a lesson which we have’ 'leartied’ ‘as the 16 result 

the campaigns which have already been ‘fought in’ Europe. We ‘have’ 
the example of the remarkable effectiveness in traiisportation which ‘has’ 
been. reached Getmany, and, on the other hand, have’ wittiessed the’ 
most complete failure of the Russian militaty effort, due to lack of proper 
transportation. facilities, The paper presented to this club ‘on’ September 
18 by Mr. W. L,.’ Park, vice-president of ‘the Illinois Central’ ilway: 
Company, with the discasion, following it, deals with this’ ‘sub-' 
ject im a very € 

far as We can sée, at fhe? of Wilt Hot’ 

be, burdened as seriously, d of ‘transporting armed 
forces for the nation, as they wilt rdened ‘with the ‘transportation. 
of food for the seaports, and the multitude of commodities which require’ 
transportation to be manufactured into munitions’ of ‘wat, and which later 
must be. delivered’ to a’ seaport ‘for ocean’ transportation to ‘the’ theater’ 
of war. This latter transportation service is'in no way different in’ quality 
from the ordinary Service which ‘the carfiers’ 
must render in time o thére is an’ enormous difference 
in the quantity of ser tequired The ‘effectivetiess of the nation in 
the wat is a function of the time requtred 'to put effective units: 

in the field and keep per ‘properly ‘supplied’ with food and’ the imple-' 
ight of war. The ability of the railroads to’ meet the demiands ape 
their facilities will be ‘an important’ factor in’ the ‘ 
for the nation ‘to become effective on the battle fronts. 

is discussion deals. with tng way of getting more transportation evi! 

ice out of the Tailway equipment in ae at the Pa i time, Efforts’ 
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T do not2wish’to for 4 moment the ‘of the: 
‘puts’ on thé’ ‘aniform id “risks® his life “to the world: safe for 
larly ‘do "insist; that! of: civil 


the. otir’ abilities to ‘get service,” 
‘phrase’ Lloyd: 

“of the ‘nation’s: Way? 

The growing possibilities of the 
‘and tolling’: have been ‘a>souree amazement? tovevery 
who has ¢ome in’ contact the’ practice:’: From ‘an? 

Sint, the’ welding processes’ are ‘particularly ‘interesting, 
cutting the improvertient'in ‘practice ‘brought “about 
“by the’ ‘introduction Of the! Gxygen ‘torch is particularly gréat... ‘Only’ vactew 
“yeats ‘ago:'the' shearing plates “was' the only’ method ‘used’ for 
etc., to the proper'sizé manufacture and ‘repair ‘purposes: 

slow; and wastefuk' The cutting of large holes and’ cial 
after the ‘plate ‘had become! part boiler or 

acconipanied ‘with''drill dnd‘ chipping! hammer.” ‘The? cutting’ of: 

ids; ‘bolts and ‘huts ‘was’ an’ operation which took’an’ unreasonable’ length 

time “and ‘requi¥ed ‘ant’ expenditure of labor about “of ‘proportion with 

‘the results accomplished.” In’ sach operations the application*of the oxygen 

‘cutting’ processes saved to 90 per’ ‘cent Of the’ tine required ‘to 
the dperation: Yet T regret to state‘that'in many of our loeomo- 

shops atid’ car ‘yards the old ‘practices are’ still followed, ‘our man 

9 


"ipie ‘metal! top 
hdi and’ ‘Phesthreaded ‘bolt: aiid Aut, 
as compared with the rivet, are recent inventions. The welded fast 
to’ antiquity: Phewelded: fastening’ ‘always been 
‘looked upon’ ‘Stronger joittt ‘than the riveted oF bolted fast The 
“féason ‘never moré'widely’ until recefit>years ‘Has been 
“dhe tothe fact’ that ‘otfe ‘way of thakilig’ a’welded Joint was 'lenown, 
that this was not applicable, except’ te’ limited rarige’ 6f joints: “As 
riveted: joint, or: bolted | joint, has 'terisile 
th'is' considerably less than ‘the ‘tensile strength of ‘the 
“piece, while the welde 48° ay strong''as the “original 
ler plate! niay "be° riveted? to; ther with four 
Of 'rivets ‘and’ double straps; ‘and the” tensile 'strengtlt ‘of the joint 
85 per cent’ of ‘the'strength’ of 'theorigitial plate; "yet it is 
le ‘matter ‘to’ joint’ inthe 'saitie ‘plate, ‘either by the old 
ding’ processes’ Or by’ ‘tater ‘autogenods welding processes,’ 
jomt’ that" is tensile *stretigt ‘the ‘original’ plate. 
introduction’ 6¢ we ‘processes lad ‘beet due ¢fitirely 
“to the Gifficalty experienced® iin” applying forge’ weld’ to’ the? 
of" plate. “The: int, “and ‘particularly the ‘Hatt-welded ji 
fhade by’ air aytogeno welding’ ‘process offers greater” strength, 
thickness for 'pract parposes ‘equal tothe thickness “68 fhe original 
ate: "THis is a’ feat’ thechanicat efiginéeting which ‘hay been unihiéral 
tanks ‘with ‘the introduction’ of the ‘power hammer)” the ‘ .‘pnewimat 


, and’ other great 'sttides in’ engineeting 
thet was’d'time whet? thé steel ‘a’ ‘mach 
“it? “necessary” to’ scrap” tho ts. There. was” 


of chang pats, of The’ 
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have begum ito e..it has to, “apply 
salvage: to: any dency, has , 
towards the introduction of steel castings in ‘ifon.,castings 
‘to the -desired edt 

Therepainof broken soembers of,a machine bas her, important 
.of the! autogenous, welding process, Prior . introduction 


certain steel: parts could be welded im the forge fire,, Fang, of the 
‘work was. very. limited in. many,,cases ite cost equal to 
new (part. with. the ,exception, of cast-iron. parts, the 
failure of which would bring death. me: destruction, practically. all. parts 
of a. machine ‘whisk break: may; be safely repaired... 
Viewed: from the: (perspective of ‘the last, years, 
made! possible by the! autogenous,..welding, 
are: probably, the, remarkable any,in the;,mechanical field, 
(my: Purpose: to point, outs farias is possible, how, far, these new. pra 
‘may :be utilized :on; steam -railways to.enable, the railway, systems of 
country. to meet the present: em , ip, the matter of, service. demande 
from, motive power and rolling, stock: equipment. ..It seems. advisable, to 
-preface iremarks ,on thenewer, processes, with,.a, Short, discussion. 
their, relationship, the. siden and; more | established. practices, 
Forge welding has@robably.| bees, since, had intelli 
ve enough to.construct..a; crude. anvil and ner... It, rests on; 
that, shen, two; to 


‘bey obecome fog and _,will., 

Now of 2nonnovni ines 


molecules of, irom may, come into 
The temperature of, the.metals must of he 


molecules ,,may.take iplace,. but: ust; not be high, 
physical. properties. of , the|;metals,, 


the! molecules, into 
autogenous. .processes, since. the welding ace .more au 
to be, welded, together, with, the. additional 


mately the, same composition, heated, to: ay 
“reaction, so that cahesion, takes. they cen th ‘molten, ate, 
without the mechanical. pressure. found. a; wide; application 
resu rom its. use oubt, aggregated 
Welding, with the, oxygen and. fuel-gas, was the first, widely used 

enous welding, process,;, in jthis case the heat, for 18}, 


bythe chemical union of. oxygen, and. some. such, as acety- 
the: once, fictitious term,“ putting: on. too! pa w 
‘heated to aliquid state at, their. -heat .:flame,,and;, 


and ine the joint..cools leaving 3. homogeneous ‘mass 
Gas-weld oper with the.electric-welding 


of) a :fraction ‘of of, metal from one: of the wearing; surfaces 
of acsteel: part ‘made to the  Jabor ia that 
particular part entirely.) Jt: was, only with the introduction the. auto- 

genous: welding» processes ;that it; became, possible. to, stop this, 4 

waste. This also tanks as ;am important engineering, achievement, and it 


process: 
isin’ the tmethod: of producing: the ‘heat, for: 


lm ‘be stated’ that these-is torus 


atc to! "the metal : ofthe Awhere 
homogeneous union-is: farmed, which we 

the metdl ofthe electtode is drawn actoss: the tat it fal 
through the ‘arc it will flow etraight overheud: as well as 
straight: avd.> The re of the arc: is extremely: 


ht. de high at 
ite’ center, actaally' vaporizirig' the; metal! form the: visible! sarc.: With 
work: with- certain :electrodes! (manganese steel and 
the: dlectrode is always made::the cathode: or negative 


sit 4is ‘desirable ‘to: have the ‘greatest ‘amount of 
piece.) tov the: of: matiganese ‘and | 


Bxeept-fors vabpence: elasticity, the deposited metal ie of th 
litem. xteonb cite: Jueds. nuilgsindul Boidw, agartesd. Thad shite 


willbe omitted. 
of 'dlectric 
1 which’ is is 
im prominence ‘in’ tailway' work.’ I refer: to. butt or spot: welding q 
In these processes both heat and preasuge are>used to produce the weld. 
The heat is' produced by: the resistance offered to the passage an electric a 
current through the pieces to be: welded. ‘The. temperature! is raised: to 
the point .at-which ‘the: metals: become plastic andthe pressure applied. q 
In: principle ‘the processes are identical to the forge ‘welding: process, Butt q 
welding applied 'tothe:safe: ending’ of flues: offers'an attractive: saving 
and: with ‘undoubtedly: become: standard) practice: om- all. raitways in» the q 
There are two kinds of electric arc welding, known respectively as 
earbon ‘electrode and metal ‘electrode ‘welding, In: the: former 
| an-arc.is: drawn ‘between a carbon electrode ‘and the be' welded 
| and the: methl'to be: added fed formof.a “melt bar.” 
This‘ process: is: not.ised ‘extensively ‘in tailway »work;: due ‘to: the fact 
| that welding «may: ‘only be; the horizontal: plane im: this’ mariner 
and that the: «work is general “inferior to ‘that which :js' ‘possible with q 
ametak electrode’ process uses;‘as the name Spies, 
othe are'being drawn between the electrode:and the! piece being welded. 
4 ‘The ‘heatzof ithe ate the: metal of: the piece andthe! metal:of the 
‘ 
4 a 
: 
current ‘passes’ froms' the solid ‘medium 10 the. heated vapor of the! are. 
Since the metal of ‘the piece has: more imass, and’ conducts the heat 
| 
is: ancimportant? matter.” A> deadsoft steel» wir 
‘satisfactory: for work. | Not ‘all’ dead ‘soft's q 
well in'the arc: | Uniform mechanical:treatment 
ful annealing-are requited to! secure the best: 
secured at! the> present time at:a 
cents per pound. Good) welding’ wire 
| metal in the weld which’ has tensile 
pounds: per ‘square ‘inch: >The: deposited? meta) 
machined, ‘althotigh: it is without- appreciable 
ited; the’ ssetal is free? from. b 


Dhe voltage required: clecthode welling is approximately 20 
volts and direct-current misinecessaty. ‘The:warious types of welding 
equipment merely different :plans.:for rendering: available rather 
current at ‘this voltage, and the ‘paweneconomy:, of |:the:several 
stems for obtaining: this; résult; varies; Since: we 
ave gone intd the matter,.on|a rather. extensive scale on the: Rock Island 
to-decide on a:certain type of equipment, 5. 
aver five years aga, the: Rock: Island "installed. weld- 
units of rthe:: first: typethat had) been manufactured inthis: country. 
the time sincé their -purchase, ,and,.up: tothe present, we have 
been quietly. investigating and’ developing ious. electric weldi ing) practice. 
resilt;.we found: 'that,to obtain a. suitable! welding system, it|)was 
necesdary ;that: secure. light; compact, portable; unit, of: few pants, 
and of extreme simplicity, whic would be entirely ree. from -complicated 
mechanical. | regulating: to sted’ 
planning! the. installation, :a careful analysis.wad.made. ofthe service 
which, is:idemanded of électric welding equipment. in-.railroad, shops, and 
‘engine! houses, ‘and: an to. design: installation whieh 
would :ishow sunder. such; ednditions maximum | reliability: ;and, flexibility 
with: minimum installation:and! operating: ex lt; appeared. certain 
that the: welding process:would find a:wider: Id:iof i apipbieations than was 
apparent at that time, and the installation was.made,inisuch :manner 
as to slenid itself readily to, enlatgement:should: that. become: necessary 
1 might -say, hete ithatoin: view .of ourexperience and:iresults; we 
indeed: fortunate in rendtring an.expahsion,of the welding facilities 
easy.!) The lack:,of standardization: of operations, in the: practice ;that 
it extremiely difficult 'to predict accurately| the: size of} ingtalla- 
tions which would. be :requiited at, the various :points;-on: the, system;:20 
it appearetl desirable: to install equipment; which could,-be moved ‘from. one 
poitit until zproper disttibution: could’ ‘be cords. 
ts particuldrly. shaye ithe acc,,welding ‘equip- 
ment available! at, all points iin, the 
quite evident that the advantage of the sti of, the arci.w “process 
would, be Jost. the! | ocomotive, hadi be> ‘frome 
haphazard location, to, a, point, where: the welding power would be available. 
These features led: to.an- analysis: of distributing systems :for the welding 
power dnd ‘showed the necessity .of using portable arc welding ieq 


total capacity; divided .at! each: shop; among several units, it :appeated-cet- 
tain thatiso long,as,power was there : ‘would a>¢omplete 
shutdown: ‘of the 
independent - of the ‘althoughi:as ‘many’ 
centrated on any. engine, or job.in the shop.) 999 ft-at-di 
The, operating, ¢conomy,,. while inot,.a decides | was. important, 
since:at \some s the power. plants were loaded. to,:thein 
at. other, points. the power :putchased ‘from small. central stations, was tather 
dear. |) Under: - these: conditions,: the! :variable-voltage type» of equipment 
was:consideredithe beat-because this type eliminated the resistance, ballast 
peg the! arc: circuit, thus iinoreasing:-the anits.to 

such degree that: a single operator junit may. be operated. ofrom:@ power 
line: tarry va: Sshorsepower -motorin od) 
AS atesult ofthe analysis; of the requirements.of the, shope and: car 
repair: yands, 33 individual unit| welders: were vinstalled, 10, of :whichi were 
mounted brackets om/columas the,largest locomotive | shop, i while 
the, other: 23 were; portable nidohines weighing complete with, truck, .ap- 

imately, 1,700,pounds. All of. theseiunits ate motor. generators shavi 
inherent regulation and an arc stabilizer, The portable units are equip : 
with ball bearings which require lubrication about once in six months. 
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Part ‘of. ‘the’ machines: -230+volt direct-current:: motors 
‘and part’ with: '440-volt’ three-phase; :60-eycle motors,:: these: 
power being the: staidard on: the Rock Island Lines 
Postight: sayin “passing that© ‘at: ‘the: time “we; this ‘poutable 
equipment manufacturers the) welding outfit: were: only: able: to 
furnishi'a standard industtial) truck for this purpose;’'! Wei ‘have since 
found :from actual: practice:exactly what’ is required in this line and are 
developing standard’ truck: whicli! meets:‘the requirements ‘much» better 
than ‘an’ orditiary. industrial: truck: One: the! manufacturers: 
offer 'this:development on the market’ as standard:equipment;: foe 
ou ‘unit. system: was: found: tue to the. (30: per: per 
‘cent lower. in total ‘initial installedcost' due the: 
voltage dis tributing: ‘systems: yo 9S Of 
‘avsystem such: has been installed: on the. Rock Island: Lines, 
with: portable welders, the: installation of» iebectric welding equipment: is 
converted \into system proposition: ia series: of plants: 40 
take-care of certain ‘shops or! terminals::)‘The plan extraordinarily: flexible 
and/has‘many! desirable ‘be impossible to obtain with 
any ‘other plan: or ‘type! of ‘equipment.:' Por 'instande, if it: is: found: that 
one orumore: welders are ‘needed!\at ‘some ‘shop,) itis: véry> probable:that 
‘some ican ‘be:trarisferredfrom: another‘! point:-which' has: ‘more: than'>can 
bevused tocadvantage:at ‘particular time, it isconly necessary to: pull 
the units: aiear;! block: thens substantially; -and: bill 
toiithe! pointe where ‘Immediately on ‘receipt: are: ready «for 
operation: We: jhaveltaken advantage of this feature’ of: 
number» of occasions telieve'‘congestion of work — 
mating: 'setvice: considerably: iahead:. ofthe time> originally 


‘in! makiig the:application:of ithe are welding 
process)‘on the; Rock: ab system proposition itt the 
inattes.of: the sapparatus: itself,sbut:also din It» appeatied 
ss; that, some :roads: were: using: the) process iin ;asmore or less -liaphazard 
manner, ledvitig thei matter ‘to fancy )of:ithe! operator. ; It seemed’ to 
is that-in going into:the»practice it: wonld.be advisable :ta: throw! ‘the: whole 
the: operating ‘organization: into it} the). most :out 
‘The the process: requires::ithe combination? -of 
ng ‘knowledge, eraftsman’s: skill, enthusiasm: ‘The 
th the: practice ‘our toad rests with the engineering: ‘staff of 
anical department ; the actual operation is; done skilled: mem- 
: of ithe: boilermakers’, pipefitters’, ‘machinists’ and: ‘blacksmiths’: crafta. 
‘We-do not employ: Novices: or-apprentices: inthis work: 
amen of.the respective: crafts ate: picked; fori operators: Itcchas been plain 
from the start) that: only the highest type ‘of craftsmen could: secure: the 
results ,want; and .we have! witnessed the growth of:ia considerable 
amount-o and. enthusiasm: in. the: work, among opérators, ven 
with the best of equipment and facilities for. welding, we! irecognize 
fact that itis absolutely necessary:that only! skilled..operatots be emp 
(Under | competent: direction skilled: and enthusiastic;-operator will 
seldom, make, serious’ blunders: in- application of the process. We:have 
found; few, of the i*know jit all?” typ¢ of men: among our ‘skilled :crafts- 
men. in this; work); whereas: lam quite:certain some roads-have had great 
difficulties, in this! line 3 made; of ‘green. apptentices, and 
‘handynmen.”) Further, we! have’ found, that ithe skilled craftsman, :who 
is about, Qrocess, is new ‘profitable 


fields. for its ge the, af 
link; between the and ‘the 
the Supervisor of of Welding, who. istfully in the range of approved 
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applications :and jialsé. the:‘mast: toni read.) 
continudlly travelling : between the ‘shops: keeping the practice ; each up 
to date and seeing thati everything’ runs -smoothly:;The operators; at Jocal 


> 
(Dues ‘Bhortage: of tinte, it} isi not within t the scope ‘this! 

din Eth properly opetating. a 
complete: welding :system. . On- the: Rock Island: it :was: found essential 
that: compile ‘a comiptete: iset. of: welding: iristructions, which comprise 
some 30 typewritten »pages.::.Jt is: the! purpose of this: seti-of instructions 
to)standardize the; maj qr:operations as far as possible. : The extreme. range 
the: application: the process has made: it quite impossible,: up-to: the 
present time, to standardize every single operation, but; these :mstructions 
eover the. field: im ‘sucht 1a gerieral ‘way ‘that the! operator is: prevented :from 


It.is:now evident to us: that | ‘the-complete instrasction and 
learning! their trades, imiorder to keep:pace with the rapid’ /strides: 
amade ‘today: iin»mechanicat engiti¢ering) practi¢e!, It is, desire:-of: the 
wWriter'and)the intention) of! this!:papér -more> fully: to acquaint the: railway 
management with the economic: value 'of | the new: welding ‘process, ‘both 


aind-in peace;:in order:that it:may be: given the gtéat/atterition that 
it so well deserves. ok 
Dheactual ‘results: of ‘the operation» 6f :the! ‘equipment. ‘the 
welding ‘system on the Rock ‘island: Lines! have! p vety interesting. 
We have recently undertaken rather \extensive! i cof owhat 


‘thes réguits are, :and: Inam ‘giving /oyerleaf:‘some of the: -wedhave 
obtained:-asi a result; | months’ :operatiod’ ofthe complete 
‘system, The: answer ‘to the question of  whetheroor! not the iexpendi- 
ture°of:some 40,000: for the: installation of 
lies the :actual' faets++peduetion of cost: actual gdin 
in Jengine: days «with ‘present ‘equipment. other swords; the! object 
‘of the-investigation was to'idetermine whether or not-we! ard !saving money 
-bycthe loperation of the system; ‘and ‘whether'or not:we:ere actually 
more servite “out: of rolling 
‘equipment: table over! -overlea shows some actual figures‘‘on ‘the cost of 
ining! a small number of: ‘representative “locomotiveand ‘other parts . 
for-which we -wereable'toi obtain costs: at aiteasonable' expenditiire) by 
the: gascand electric’ method; asi compared “with the ‘old method; ‘which in 
mafily cases ‘involves a' complete’ replacement of ‘thé ‘part 4s\'indeed 
‘utifortanate ‘that the railways have not ‘kept detailed costs'*of the work 
‘hecessary t6 the operation of’ the compared -with’ ‘the ‘old 
‘method;:the saving: of! the electric ‘process: arises ‘principally ‘in the saving 
in fabor. As°compared with’ the gas ‘process; ‘the! electric -welding ‘offers 
saving ifthe ‘cost of ‘producing heat “atid an appreciable saving ih cost 
‘of ‘labor: It‘seems' thatto' me under present ‘conditions;’ and) 
‘under ‘conditions which? will obtain: in: future; the! labor saving! ‘is‘'the 
most. important It! evident fromthe” figures” that’ amimportant 
saving has ‘been made! In’ other!-words, the operation of the process in 
our shops may be said to have rendered each man mote effective; and 
thas‘enabled each’ to: accomplish more towatd inaintenance of 
‘evaipment ‘with ‘the: ‘same amount’ of effort)!" sal 


polits ‘are under © supervision O ‘and: master mechanics in 
has been so rapidly developed ‘by: this: ‘method, it>will be iecessary;, this 

fall, for tis:toinevise-and reprint ‘our ‘standard: welding :instructions,;: which 

at that :time willbe very complete. Let -it :suffice ito say’ that ‘the :dbility 
‘of the operator ta make good ‘welds requires: that he have some knowledge 
‘of! metals their-iproperties, especially: as: regarde: expansion:‘and con- 


a direct saving as 


Tihs figure. 
i te.inclu 


: lined the service "of four additional: 
ing esate -wo appro: 
dollars. The welding em installed cost.about. 40, 
of the system is, approxi 


of th 


approximately, 


By number. of 
lat we are far ftom 
proces i is: 
all- ‘operations 
profitable. t 
of: of passenger: cars, Ww. 
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truck|side frame will last almost ly where the” 
‘bf spot: 


field 1 


| 
‘figures’ thatthe saving effected by the electric arc welding 
of the’ ti s being | 
i 
“ 
eldinig systen' aloné? How important. savings, as. are 
showny'in the'table overleaf, inthe repawrvos parts on engines, where: we: 
| “hot actual toys Of service, and thig giving: 
amounts mére tha twice the saving arising in: the increase of “the, 
nuniber of engine days ‘of service 
1 ately, 500 pel’ cent -pét anndai, 
quipment pef unit ugder prestnt 
larsy: The f res sho 4 
ia of the: welding he 
Rodg: Island : q 
Igeapite fact that we 
am any of :the 
equibied. ‘THe, field of applie 
Werate not able at the’ pre 
prom eclipse | in, fmpo 
is axfield i srack work which we have not'gone inte: 
presedt Tndications are ¥ety sttotig;fhat| when we go fully 
efectrie® welding: proces in hot ox when, we machinery;’ steel 
car Ww &cci,»that we can well’ use 150. ysits and effect 
greatly improved_and develo the equipment. for making the 
anges invhahy | 
| 
tent 
vase 
ch manner- 
content .of 0.50. will,enable..as to.do. some Work 
Sie to reclaim much of the special Work and rail steel 
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TABLE L—Oomramsos or Exsorsio amp Gas 
| cost | | saving | | 
4 
Valve stems 4 
: Motion saddles “*.. 
1 
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1 
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1 
2 
1 
2 
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ip! 
electric arc, welding ;equipment...It is also 
 . at: all point — points where only occasional welding. is done 

ile we haye not been able to. of the 


While 
ational... Defence, . 
as.follows;.. cent of locomotives are ordinarily, under, 


reached -by some roads, it, ‘would ‘mean. an addition, of 
to. the. number in; service,” .we have,; to move in. that ,direc- 
to, the ts. of. the..s our. system. is our, 
f, that, with approximately, five, times, the amount of, electric weldin 
capacity ;we'-have at present, we, show. at: least five times the. ann 
net saving, which ‘would: amount, to 1,000,000 dollars year, and. that: we; 
can, with this equipment in operation, A sate a:saving of around 7,000 engine 
days per year, which means, that we, would be. able. to secure. from our: 
present engines a.mileage. that, will “equal that. which could. otherwise, only, 
be secured by the purchase of 23 additional engines. 
With ‘this, figure ia mind, and’ knowing that the Rock Island Lines have, 
approximately, 1,600 locomotives in service, it is easy to. realize the: enor- 
mous, possibilities. in the, direction increasing, the. from, motive, 
power equipment onthe combined jraitway systems of; the nation, both:.as 
an. economic. proposition and as an.aid in; war, were they all equipped wih. 
welders, ..The demand. for transportationservice is s0., and the. 


been 
tive 

time: 
belie 


railroads. should; go into, the, welding, field on a large -at the earliest, 
possible moment. These figures have been given; with particular ref 
to. motive, power! units, have, no. tangible, data on. what.,may 
he lished in. it.is our from the. 


onthe motive power. units, 
application of the new is; important now 


its equipment; when the, nation, demands. the supreme effort. ‘of the. trans- 
portation, system, of: the country. 


we, think can ‘be accomplished, using. asa basis. for. 
the. results, we -have actually, accomplished. on. the Rock Island. 


Lines. . The enormous possibilities, however, in the application of the new, 
welding. processes. to: other, fields are, of absorbing interest -in view of the 


tat Not; least. among. the, possibilities. is; 
of welding for in. and steel. ‘con-- 
These, and: knowi 


safely prophesy that. will, = weldediin.the future. in-place, 


urgent, : 
effectiveness of the nation in. this. war depends so. directly, upon the quan-. 


present, world conditionsas a, result..of »war.and. their effect:on labor and. 


of being, sapunriueitan ‘standpoint of both economy and safety. This. 


ag 
4 supersede gas process; on.all steel welding and some of the r este 
cutting. In the. cutting of.boiler. steel and. all close cutting, however, and q 
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the ided ‘of ‘welding’ 44 tiot in the least 
possibilities’ ih ‘the field ‘Of "ship onstruction “and repair: have: been. 
Every harbor on the’ 

the Pacific coast ‘eqitipped ‘with ‘the apparatus. - 

the present the welditig,” however, ‘has’ beet’ entifely repair’ 
but the Savings’ effected’ by ‘the ‘usd’ of the’ process’ on boiler repairs, repair 


“BOX air absurdity, ‘the newness 


of broken sterri ‘posts, rudder’ shies, ‘propeller-shaft' ‘sleeves ‘and misceltas: 


‘work, have been and normadus economies: 


Have been’ made.’ It's sémetimes' possible to ‘make ‘necessary 


in ane’ day with ‘the’ eléctric' welder that ottierwise would: Mave 

two ‘weeks, ‘arid’ sinte thé Value Ship’ at'‘sea'per day rahges “anywhere 
from to $2 $2,000; ‘it ‘car thete isan’ enormous: 
demand’ for the work at the’ 
Atlantic ports ‘charge to’ fot the’ services 6f'one man,’ 


whichis 2° very’ good’ indication” Of ‘the that ‘the application’ of ‘the 


‘The. commercial weldérs<in the 


procégs is valuable ‘to’ the Owfiérs. It is‘ the understanding that’ 


ce! ‘of caulking ow torpedo boat ‘destroyer 
hulls enables the hulf ‘to’ 
fire, or destraction it otherwise'would:» It is reasonable! 


ice will bé exténdéd in’ ‘and merchant thatine 


the welding ‘Of ship’s’ ‘hulls.’ ‘Alréady several 6f the shipbuitders’ on the: 
Atlantic coast fave made ‘application ‘for patents onthe completely welded 
hull, and while to actual’ construction’ of this naturé been' doneas yet, 
it is’ probable ‘in’ the ‘near’ future that shall see the ‘completely welded: 


er thuch greater ‘resistatice’to shock’ of collision, — 


hull i in Service. |. 3d 
The apleaton of the are wedig procs inte United, States 


has led ‘other’ cotintriesto the ‘adoption of the’ 
examples of this! are’ the 'inttodtction ‘of ‘welding into’ the’ principal’ 

harbors of the’ ‘South ‘Atlatitic.’ In the and English naval engage’ 
ment off’ the Falkland Islands; thé British ‘ships’ were severely’ ed: 


and ‘into ‘port for -répairs; wheres they obtained'a marine ¢lectrie 
outfit, immediately putting t0°sea ‘and effecting their repairs: 
short time; this their. ships ‘wére ready again for service in a 


shorter time than’ would otherwise’ when’ every’ 

minute was very valuable ifdeed. 

“The electric’ welding equipments were’exte: 
duting the construction of the: Panama’ Canak' Ttie So 
way Corpotation and some mining are installing the portable 
equipment’ mariufactured in this country: “A Japanese’ Governiient 
has recently returned to Japan with complete information the 
duction’ of’the process ‘will probably ‘be ‘rapid in that ‘enterprising’ country. 
Already'a considerable ‘amount of ‘equipment’has been shipped’ to Spain, 

Norway’ and Sweden for use’on railways’and ‘in steel foundries!) 


* Four portable-electric arc welding units stichas are in’ use on" ‘the’ Rock: 


Istand lines are ‘now being shipped ‘to the French fighting front for wse’on 
military: railways ‘by’ the “Ametican engineer regiments '(tailways).”’ The 
application here covers not ofily’ the’ Standard ‘guage railways which trans 
port ammunition ‘and ‘supplies to'the front lines, but”also in’ the ‘construction: 
and maintenance of narrow-gauge feeder’ and trench railways, the ‘tracks of 
which are otdinarily constrticted'of small steel rails’ which may be welded’ 
to the steel ties, thes¢ railways being of a portable ‘type.’ There: are 
vety large number of ‘aatomobiles, motor cycles, ete.;'to’ be repaired; they’ 
are constantly’ breaking’ down, ‘due ‘to 'thie extremely’ ‘strenuous set'vice 
which they are émployed.'\In fact, without the ‘tise Of the gas’ and’ el 

‘such equipment would’ be very’ Short indeed; when 

at the battle front: Withit the’ fast the 


d’ practice:"Notable: 
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the English: tanks; éalt: repairs, that cami be:most: 
efficiently made! with: the electric ‘welder.:‘ The:artillery: also -makes:a heavy: 
demand:on the welders ‘for repairing: gun carriages, gan mechanigni and: the: 
guns thémselves:: alt is) necessary:on' the front that: these! repairsibe made: 
expediti itrying’ conditions<onditions: that: it:iwould:: be: 

practically impossible to meet: ‘were: it neti 


sity of: removing the shoe from the horse's The 
s require frequent demolition of iron and steel structures, including! 
demolished ‘beyond the: hope: f 
instances» there is sdurce:of ‘electric’ power ‘supply the’ 
powerlines that: run: through the ‘theater of However; in some 
instances where no such lines are encountered and for some reason of other 
it is not possible hastily to construct a power line, it becomes necessary to 
set up a small internal-combustion, power-driven unit in order to securé an 
electric power supply, which is becoming:a necessity in modernized war- 
fare: Electric ;welders;can be) used) for trench (lighting and ‘searchlight 
work, as well as for ‘welding, which makes them very valuable equipment. 
One of the ‘particular’ advantages’ ‘in using the ¢lectric’ welder’ is ‘that it 
transferring: ‘welding’ gas,’ whieh would many’ 
times: be: ‘practically: impossible, 
The final result of every effort’ must: be’ to’ ‘put ¢ffective 
the field because’ it increasingly evident that ‘the war will’ be 
men’ who go: over the top and put the:enemy: out of ‘business, 
minating himi:' It iseasy to lose the fundariental facts ; 
ction’ by) alot of superficial talk 
We are so far removed ‘from: the active fronts: that ‘it is ‘to 
selves:in alot:of ‘talk: about industrial: economics anid! about how 
win. the: war, how ‘locomotives will win the: ‘war, 


from: four:to 


steel castings which: would otherwise ‘make the ‘castitig useless. the 


fittle to! the: rear-of: the actual fighting front; the electric: welders ‘are in: 
demand: for -repaiting horse equipment, including the: repairing ‘of vehicles, 
: 
that it is! actually the: fighting -‘man-power ‘we’ ‘cari bring to q 
| enemy that will really be the deciding factor: We ‘must have‘ the gr : 
q possible: ‘industrial efficiency that can ‘be obtained regardless of” 
gardless ‘of the ¢ffort required to obtain it) and‘ the reason is that we’ : 
/ fighting: men thefront who must have everything that is‘ required to 
up their.morale and keep thenr in the very highest degree ‘of effectiveness. 
Industrial efficiency part ‘of our job; 'a necessary: part’ ‘of ‘the’ nation’s 
job of backing up the ‘The big done bythe’ 
men who go‘over the top or over ‘the seas and ‘exterminaté the efiemy. 
_ Another interesting: application ofthe electric arc process is’in the'repair 
3 of the ehips:'« Every ship that is seaworthy is in’ service'at the present time, 4 
and time for repairs mast be cut’to' the irreducible minithum: The electric 
 are-process: is: used extensively ‘for ‘boiler répairs ‘and’ repaits about the 
deck and::superstrueture: is: unusual ‘to ‘make repair ship's 
boiler) with: the electric arc process 24 hodrs while 
her cargo: which ‘otherwise’ would’ require: a ‘week to ‘te 
fifty: tines: the: costy “use ofthe: ‘oxy-acetylére 


sdemand: for’ steel: castings: fot! the! Government gréater: 
erally in. such conditons ‘that im 
to>get siffcient: highly ed labor to make-:periect 
result of the: use ‘of: the; welding 
e electric arc process is being used in eller shops to joka riveting, 
aiseam.may, be welded::theaper than’ it cam:be tiveted;,and: the :joint/is 
stronger, than ‘is: possible ‘to! obtain: : with the: riveted i 
making: joint: -One:man with:an electric: arc: willido:ds niuch:‘work 
riveting gang of four: men: and: the electric: power: required to operate:the: 
‘Another: interesting pplication 3 in the process: sissin oil: tefineries,: where! 
it.is: used, both in addition to riveting.and:in place: of riveting. On:some: 
of the large stills whose operation as:nearly continuous.ds possible, 
the: riveted, joints sare> welded: instead) of being caulked.,;Such a: joint: 
stronger than the: theclife ai still: is shee 
doubled Engineering.” dose om Fredy 


APPLICATION. RLRCTRIC WELDING. 70; ‘SHIPBUILDING. 


the. ‘history. of. the. of. during’! thie wad) 
comes to’ be written, the chapters, on the. progressive improvement of electric: 
welding will afford much pleasure to those who: believe (that ithe inventive ' 
spirit.is yeti very much alive, in-this| country.) 

tions. of,.war,.and ithe more advanced ishipbuilders soon recognized: that: 
this. method of .construction. offered. almost endless possibilities. to: ship~: 

building;, ‘When. the. matter, was, brought \under.the  notite: of | Lioyd’s: 
Régister, the , a; characteristic, desire. to: afford the ship-~ 
building. community: the. yery, latest. technical; information’ on: the subject, 
arranged to.,carry.,out,an ectine of. tests, which have 
over, a period. of. six: months.  : 

Although, electric. wi in, various ‘has. tor many 
for ship. repair .w yet;.in practice, owing factors: its: 

Bas been practically to ‘those parts of the’ structure which are: 
not.likely to;be exposed to important structural: stresses. is: only in! re-: 
cent, times, commencing from. the, early days of the war, that appreciable 
progress. has. been made inthe. developments electric welding: which 
would appear to. justify the ,extension of such methods: ito: replace. 
usual. riveted connections of heavy, structural work. 

The aim has. been, to. secure reliability: and regularity. bf operation in the: 
‘welding, process,. and. to. assist the ‘by ‘improving: the means ‘of _ 
control over the work, .Just.as in, ‘the..case of application of steel to. 
building, ity was necessary: devise! means, for. the production:of’ th 
material in large gnantion and of constant quality, so also is: it necessary 
that the. welding electrodes should; be, manufactured with the. greatest pos- 
sible of: Reliability of operation is also facilitated: by’ 
adineting ti sity the ‘of ‘electrode: used;! - 
and further, size. ectrode oreasona directly) 
the thickness of material.to be 

was necessary to discover means for. minimizing. ‘the! eave: 

the. deposited ; material. in, the direction. of; preventing oxidation;:: Inthe 
the whol days of welding, the molten electrode. was. exposed to ait throughout 
hole time of deposition and, consequently, oxidation was more or less’ 
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With wish eave burping. tos 
idts surface after co is obtain rained “cont 
in this. dw essential, as! ion of, a 
pe of erial of, the. electr to” 
is in. he. Physical tests for thi 
test, difficulties arise, 
in | represent the strains whi ich may be experienced in 
pre rather based. on simple means for determining th: 
average eens of the material. Thus afso in this case no one rtic 
test, is likely to,determine whether the welding under trial is suffi- 
cient. for: it is likely to to do. Tt is, therefore, iecessary to 
coach the problem. rather on’ the basis of circumstantial’ evidence, 


decide from a number of different types ‘of experiments whether, on ‘th 
whe e, the is tisfactory 


more icular in ‘shipbuilding is the. conh connection “of mil 
steel percentage. of carbon of about .15. material in 
orm of plates and section bars has considerable work done to it ‘during 

Process, ah manufacture, with the consequence that it POssesses a fine 
a ductility which is uniform in every direction. “The finished 
material, may be said to be practically free from fibrous structur 
With electric welding, molten metal is attached to the mild “steel” ‘an 
from. the extent. of the cooling surface. the sited material rapi 
in with the Consequence that the weld’ tends. to be 
e deficient in Bid is to select th materi 

the electrode so th ‘hi gear stic properties. of the struct 
mp 


electric ;welding to Shipbuilding, and as it was 


welded ma of the highly sll were 


‘oyed, 
must, ther realized the re th pétimien 

formate equaled, wth ood, workmanship. 


NATURE AND OF EXPERIMENTS. 


pé ‘of ‘thie ‘“included= 
tinge a) of thodulus of elasticity and 


me Det ination: of. ultimate elongation. 


Application, of. alternating: stresses. whom tog 
at impact ‘tests of ‘welded. ene! 2) sit 
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With alternating the were’ relatively of sinalf’ sis 
For the ro test pieces, Ci ods, ‘mairily machined’ from’ a won 
plate, were used, the diameters being 1 inth ‘and inch. 
bars, about 3 feet i in length, were attached iy a lathe headstock ‘and a'bure 
bending moment in one place was applied’ by" “two” ball 
which known weights were attached. ‘material’ ‘of the’ bat ‘was’ th 
exposed alternately to maximum tension and. to equal maximtimn’ 
ession once in each revolution, The machine was ran at about 1,0607.pim. 
rs of identical material were tried in pairs, one specimen welded and the 
other unwelded, and the number of revo tutions ‘before the specimens parted 
observed for various Of. stresses ‘Varying from = 15° tons 
to + 6 tons... 
In the second series of alternating stress’ experiments ‘flat ates were 
used of three thi :—%4-inch, 34-inch and ‘14-inch. 1ese'spéci- 
mens were tried in groups of 4, ‘gtoup consisting of 1 plain, 1b 
welded,’ 1 lap welded, and 1 lap riveted pl late,’ ‘The’ specimens, which Ww 
about. 14 inches. long. by inches, btoad, were clamped along ‘the: 
edges, so that the distance between the fixed lines was 12 inches: ch 
plate was also clamped, near the middle, to the end of a pillar, which by 
means of a crank arm was caused to oscillate and to bend the specimen 
equally. up and down by adjustable amdunts (thé ‘maximum total movement 
in any 0 ie experiments tried was 5/16 inches), ‘The machine was run 
at various revolutions (not exceeding 90 and the number, of 
re tifions at which the specimen parted was observed. 
inor. tests. of various kinds were undertaken, of which’ the 
had. reference to the suitability of the welded. material to withstand such 
bending and shock. stresses as might. occur in the shipbuilding yards. ‘The 
experiments on bending consisted of doubling the welded’ plate ,over a 


block. of diameter equal to three times the plate thickness, and 
paring the those of the of ‘the same material, but ‘un 


In the im impact ‘tests eights ‘were opped from: various’ 


on to the welded portion o late 5 feet in length and 2 feet 6 inches 
breadth, the weld being across the pla rie parallel to the shorter edge. att 
deflections were noted and. 4 condition of the weld was. examined aE 


each blow, 

The ‘examination followed the ordinary 
SUMMARY, 

(a) plate’ ‘the ‘extensions inthe region ‘of the’ Weld ‘are 
- sensibly the same as for moré' distant portions of ‘the unwelded ‘plate. >’ 
(b) With small weided specimens containing ‘an appreqable’ proportion 
of welded material in the cross-sectional aréa, the féelation between exten- 
sion and stress is practically the same, up to the elastic fimit, as sosisigaiiar 

c) elastic limit (or the hey ‘which. is 
not approximately directly to. stress) appears slightly 
in The modal at of 

The modulus of elasticity of a sm: test pi ¥ entirel composed | ° 
material of the weld, ‘was about 11,700 tons per compare: 
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Ultimate_strength and ultimate elongation 


4 The ultimate of material pecimens was 
oko) he cent, of the th of. the. stee 
of aad, per cent for. plates, of. 


b th fracture the. [extensions ‘of the welded 
of from, those of similar unwelded material. 
(c) At stresses greater than the elastic limit, the welded apeserial is | 
ductile than mild steel, and the ultimate elongation of a wel re ie 
: = when measured on a, l¢ of 8 inches, only averages about ap per cent as 
| compared with 25 per cen 
tions. of stress (ex say, 5, whe e ge 
is not from 10%4 tons per square inch tension, to 10% tons 
r compression. 
: “ (2). Welded, bars similarly tested. will fail at about the same number of 
reversals when the range of stress exceeds + 614 tons per. a inh 
Stationary. test pieces, (flat plate) 

1) Butt-welded specimens. will ‘withstand about 70° pér of thé 
of repetitions which can be borne by an unwelded 
@), Lap-welded plates can endure over per cent, o of 


bs 


if imene. are, no ng. wi 
the prescribed radius to! more ie about 80 .degress. 


plate, .redacing’ to some 20 degrees: where the thickness is 1 inch. , 


0d) Welded can ‘withstand. considerable ‘of 
success; a %-inch: plate of: dimensions already quoted sustained two suc- 
cessive blows,.of .4 .cwt.: dropped. through. 12. feet; giving deflection of 
12:inches,on a length of, about: 4, feet: 6: any’ signs of frac- 


a greater percentage « q 26 

(2) The material of, the weld after west 1s: to be 
practically ‘pure iron; the: various: other :contents ‘being carbon;' 08; 
08; phosphorus, \02 ;'and manganese, 

‘The material of the weld is tactically pure 

(3) ‘The 'local effect of heat does not ‘appear largely’ the 
the ‘structure ‘not being’ much ‘disturbed ‘at ebout 1/16 
of an inch from the edge of the’ weld, ‘The, amount of disturbance ‘i ‘is’ peat, 

oless!in ‘thin plates. Jo oft tabien 
fon ‘The weld! bears: little evidence, if any, of! the oecarrence’of 0 
With welds made ag? for. these srimenit, at ‘hori: 
welding mate Stit to giz 
“'6. Strength of (large ner 
of the 


“cat of the 


: 
-(1)"The electrode was practically:ideritieal with mildsteel, but there was 


916 


on “both edges ‘the’ ultimate ‘strength iti ‘tension 


vai Wit ‘full fiffet’'on ‘one édge”and’a’ to “those 
where. fillet is provided for both edges. 
about 6 per'ven t perc it OF the 
7 fk eszastie tf. 
unperf 12 ‘plate E to coitegnols off bitis bitte 


e asticit indicate that On 
ic oreover, the ex show pro 
tr smitt ni to,the a acent plates 
made on “composed the “depo 
weld, it be seen that for wala etches igh 
than ‘mild This, ue’ 
the a rope 
pr fails sooner than mild steel, disadvantage 
importatice’ ‘ity: shipbuilding,’ and tay: ‘bel regarded? megli- 
Dyhamic elasticity —In ‘a ‘structure; such 48 a‘ship, which is-exposed 
variations atid reversal of ‘stresses, it know 
whether the material to be used is likely to break down jh ass under’ such 
alterations and ‘ranges of stress “as' are “likely to: ‘The 
modified’ Wohler''tests employed’ ‘in ‘the’ experiments: certainly indicate, if 
considered solely ‘by “themselves, 2that! whereas) for’ a given ‘number’ of 
alternations:‘mild ‘steel would withstand range: of stress’ of, ‘say 10% 
tons, the welded material might be expected to fail at about /+>644' ‘tons; 
a figure which is more nearly experienced in: ordinary ship constriction. 
It would appear to be necessary to design the welded joints, ia such a 
manner that amount of work likely: to. be; thrownon -the joint: is as 
small as possible, and to meet such a condition: ai-welded £0 
be either lapped: or. strapped: silt Jo Isitetsnr odT 
colt will be noticed. that the material: inthe: sweldappeans:to he: nearly 
iron, and expériments: of; repetitive. stress: show that. wrought! iron: bars 
are likely to fail under a range of stress of perhaps. 2. %)tons,ta/8 tons, 
as compared with, mild, steel at; 40. tons, to,14;tons. | “The. ‘weld thas: to be 
deposited; electrically and: is; subject:-td, variations.in jworkmahship; it 
would: consequently considered satisfactory. if the material, could ‘with- 
Stand a-range of stress: of, say, tons.) oft mor? ori as io 
Consideration of the dynamic elasticity of properties appears, to show. 
that.in any;case: the welded material, cam experience: as{large ainimber of 
repetitions of stress as sree | iron could do, and it is always recognized 
that-although iron could;not oaeh tests fn mild ‘steel; yet it was a 
satisfactory, (material, for ‘shi Further, attention: : to. 
design of detail ‘will increase the "the welded: joimt, in 
addition it must not be denn Tepetitions.. sof stress. is 
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and: that throughout: the: 


ithe: 
will require to, be! made vertically: and overhead 
The inations ‘indicate ‘that the “materials /of 
and the system of ee adopted were suitable and reliable. Moreover, 
there was little apparent'oxidation’ rial) in the of 


the weld. was, not affected toany, prejudicial extent... 
(4) Strength of large welds. — Broadly speaking, the the. ten 

butt, welds. was asi great. as. the ur elded material it. 

greater, reliability, of workmanship, is obtained with, joints. 


\dapped joint. -would probably. remain , tig 
more trying conditions than are necessary to disturb a riveted lap. ict 
of; committee of Lloyd’s to consic 


a 
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comply e regulations and tests. lai wn by the committee. 
2:\The process of of A, ‘eleétrodes ’ mus such as to 
reliability and“uniformity in article: 


an 

3.:({Specimens ,of ‘the’ finished’ wi of 
the nature of the electrodes, ‘must wih of 
poses record. 

4. The officers: shall -have iaceess to ‘thé, works whiére the 
“electrodes are ag and . will investigate, from. ‘time:'to! time: as 
may be necessary, the process of manufacture that 

5. Alterations from process 
trodes shall not-be made without. +4 consent: df 

6. The regulations for the. ‘used: with each 


size of electrode, and for the size o ‘ed with. differ-. 


wad Id Worl ts doer diiw 


er 
| e j 
1 extension of the progess of arc-welding to the connect) ain. : 
structural portions of:ships. _ Such should, howe 
| ceed eautiously in view of the unknown -factors involved, in the develop- 
3 nen j 
decided 

3 


2. committee. must: be; satisfied that 
specially trained, and are experienced and efficient in the mse a 
ing system: proposed to be employed., | gl 
Efficient supervisots|of proved: ability, must be provided, 


9. The details of constriction ‘of ‘the yessel and’ Of the welds are to be 
for ‘approval. 
“10. Before ‘welding, the surfacés’ to be joined those 
other’ and the methods! to be adopted for this purpose are‘ to be! approved: 
11, All butt and, edge are to be lapped or-strapped. 
12. With lapped connections the ‘breadths of overlaps of butts and seams 
the’ of welds: ate to be’ in accordance with whe‘ following 


is. “Inches.’ Inches. 
hy 


Az ht to. 


thicknesses, below.,.40.the, isi to be about 70 per 
the thickness of, the: 
13,.A “full: weld” extends, rom the 
the. thickness of, plate to and the. minimum. 
given in bt le) above. 


A is a ‘Single. run. of. fight welding’ 

the wise OF plate, Such a weld.,m 

structure. 

%5. An “intermittent or tack weld” has short lengths of weld which are 
spaced’ ‘thrée times the length ‘the ‘weld ‘from’ center center of’ each 
short length of weld. Suchtack' welding: may vary in amount of weld 
between a “ full weld” and a “light closing weld.” 


16. The character of ‘welds is to ‘be in with the fol- 


deck and: ‘inner bottom pla tating, Be 

93.5 and inner ttom , 
Heels: 
Frames: to’ shell, oreverse!: framés T 
) Longitudinal continuous bev ad ls ars 

Ch) Side 'gitders,: bats ‘to shell) ointercostal plies, | A, 


weld, LS tight weld, werd) 


17, All bars required to be watertight are to have continuous welding! on: 
both ae with tack welding at heel of bar. 
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18. The welded cotinections' of’ and ‘other brackets are 
be. submitted, for special considera 


19:The committee , may side 
ay Customary, ay ‘process, ‘0 con of 
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not is proposed to be Keg the 
Register, ‘the, committee have t si On. 
go the notation “ da of “ electrically welded” vil 


It unnecessary, to. 


ge, on. the the ‘step’ 
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_AUTOGENOUS. WELDING AS ALLOWED BY. BOARD, oF. 
SUPERVISING INSPECTORS. 


folloiwi regulations telative to welding ‘and! reinfoting 
have been ring "re by the Board of Supervising Inspectors. ing in 
Vessels of the United States oar te Ingpection Seryice : (Se 

All on internally-fired be reinforced by these 
processes 


edges of the shells of _externally-fired boilers, above. the ‘fire 
line only, may be reinforced. 


‘Cracks extending from edge of 1a rivet, exce on’ 
the ‘fire little in externally-fire boilers, 
not, exceeding 30 inches 


es may be repaired by welding. i 
Where cracks are repaired by ‘weldir shall be sly 
through the ‘plate at each extreme ‘end e crack, except 
rcumferential or lengthwise c ce 
in ain or corrugated may. be i 
ere plates in back sheets’ of back sheets of 

sides and bottoms, of back connections ‘of any oer Side ‘heap 
legs’ of fatnaces and bottoms of furnaces of firebox boilers, ther, 
stayed ‘surfaces ate reduced ‘in thickness not. exceeding 40 per cent, of th 
original thickness, they may ‘be ‘reinforted, ‘Feinforeing. not to 
an area of 200 square i tm: 

When ‘such reinforcing extends “and. nd 
shall ‘come completely ‘through the Feinforcing “as 
visible the inspectors. 

When the corroded portion, of or siveted ag! the’ 
sheets ‘or’ “wrapper sheets or bottom Connections of of any. boi 
or side ‘sheets ‘atid bottom sheets or legs of firebox toile 
exceeds’ 300 ‘squate inches, the same imay be repaired by the removal of 
the corroded portion’ and’ the replacement thereof by a Piece of plate 
the: Of thé’ new welded in position, 

“Ot the’ few 
inches | 


Stay-bolts, braces’ throu ‘the’ Be 
or 30 inch ne di} dare on, ‘the “wel edges be 


taste 


| 
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NOTES. 


to tae plates of shells and ‘Of internally-fired boilers’ sisbj ect 
th: By Rotrdsion ‘Hot to exceed! 25: per 
cress,’ they “may such teinforeing 
dges ps “Hav ‘orced,® 
shalt’ teqhire Ot, 2 and redtiven if' ‘they find ‘inspeer 
tion that it, is necessary 

welding’ shail ‘be’ balled i shell plates or other plates 

‘stayed thon of back Contiections ‘of ‘any boilers or side sheets, 
of legs or bottoms of firebox’ which are stayed” surfaces, may be 
welded up to. length’ of 6 ‘feet’ exclusive’ Of ‘rivet’ Holes’ 
‘Where ‘cracks extend thr ‘Holes iti’ stayed stirfaces,’ the 
from’ the ‘rivet to’ ‘of the ‘lap “may be” removed 
be replaced ‘reinforced ‘by either these ‘processes. 

Where leaks yk ar stay-bolts and the stay-bolts are otherwise 
intact, the nuts may be removed from the ends of the stay-bolts and the 
stay2bolts. may) be “welded ite shell) by welding~a'‘beveled) collar or « 
ring around the stay-bolt! )*Thewidth /arid’ ‘depth'-of such collar shall 
equal one-half of the diameter of the stay-bolt, In all such, cases..of 

plying welding 1 rings of. collars ‘around: the. material’ shall be 

n Gases. .where m 18 ite staye S, 
hammer, practical depositec the “it is 
owing state, 

No work by any “Wwelding’ process shall’ “allowed ‘until 
showi e character of the. work, proposed. 3° 
of t to the rict where. the work is being 

The. Toca! inspectors, shall ‘then, satisfy whether or not 
used with on. “the boilers of steam vessels, : 
very case where. are: he made. Processes. the 
‘of steam vessels ion of this 
ties thé repairs ‘ate notify fy, the office. of, the. local 


ade. ‘the ‘loca a, full detailed description of ihe repairs. to 
nay pb to and dng 


he time ‘the’ wo 
‘headers cra cracks; or. sand 
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e wo re er si 
bl tg of any of ‘the shove articles th Sail 
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BOOK REVIEWS. 


H.C. Dincer, U. S. Navy.. D. Vaw Nosrranp, New York, 
N. Y.. 825) pp. and 150 illustrations, 5 folding plates. 
This new (8d) edition of Naval Machinery is very timely _ 
in view of the great demand for-marine engineering knowl- 
edge. While its name might imply that it is confined to Naval 
information, it is of value to all marine engineers: 
The original edition of this work was compiled from articles 
that appeared in this Journal. “The present edition has been 
very much enlarged and improved. It is impossible in a 
review to cover the scope of this book. s 
The material is presented in six parts: (1) Operation of | 
Naval Machinery, which includes Getting Underway, Run- | 
_ ning Engines Underway, Accidents Underway ;(2) Care and 
Overhaul of Main Plant, which is covered very effectually in 
_, seven chapters well divided and arranged; (3) Fittings and 
_ Auxiliaries, which is subdivided into thirteen’ well defined’ 
parts, éach covered by a separate chapter; (4) Care and 
__ Preservation Sub-division of Hull, which covers the field out- 
side the machinery spaces; (5) Special Auxiliary Engines, 
which include Steering Gear, Air Compressors, Blower En- — 
-_gines, Ash Hoists and Ejectors, and Workshop Machinery; 
7 and (6) Spare Parts and Tests. The last chapter on ma- . 
chinery tests is of special value. é 
This work should be on every operating engirieer’s book 
shelf. There is no better book in print for the a “ 
engineer. 
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Sup AND Trim. By Percy A. 
B.Sc., M.IN.A. Greves Pusiisnine Co., Lrp., Portsmouth, 
England. Joun Hocc, London, PP-» 208 
illustrations.” 

A discussion of stability calculations 
without complex mathematical formule. Simple and accu- 
rate methods for determining: these \agtors graphically or 
arithmetically are set forth. ne 

The conditions which tend: to “endanger stubitity or affect 
trim in’ loading‘ or operation vessels ‘analysed ‘cléafly 
and remedial tiearis ‘to. be’ by the: master aré 'given.' 
The applicability ‘of displacement metacentric and othet cutves 

furnished» by’ the ‘shipbuilder, and how’ the ‘navigator!éan 
réadily' for given’ conditions ‘of loading; is' 
explained.» att omen er 

The text will> prove valuable ‘to’ the or. 
rit aifit to lsnieito ofT 


tHe DECKS. By‘ COMMANDER.” B Laperscom 
BQ. Co. ;,20 illustrations, 303 pp:. $4.50, 
bis is.a fanciful. tale,of the, rise of. man in. the 
U.S. .Nayy to command, rank,,, It,is-an, intimate tale of, Naval, 
life.written;by.one who.has a keen insightjand. understanding) 
of, the sailor man. .The,tale.carries, one through. all grades.of. 
enlisted and, commissioned: shipboard, life, and is 
The alustrations are, actuall pictures, taken_on-board. Naval 
-vessels.and depict the life, of our sailors.and,marines thereon, 
il etozestqmio) 1892) shilonr 
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